


Sp Psa 


} ‘| 


Se GG NC LN LIE LS I LOL CE LY Ce TES A a 










i 
i 


Vokame IX oe nie MAY, 1927 | Number 5 







THE JOURNAL OF 


INDUSTRIAL 
HYGIENE 


AND ABSTRACT OF THE LITERATURE 








Editor, United States ' Honorary Consulting Editor Editor, Great Britain 
Davw L. Epsatt, M.D.,S.D. Sm Tzomas M. Lecoz, M.D., D.P.H. E. L. Cours, M.D., M.R.C.S. 





Acute Respiratory Infections among Motormen and Conductors 


The Cardiac Patient in Industry: Chicago Heart Association 
Plans Constructive Program. Data from Thirty- 
Four Industries 


ag Metal Fume Fever: Ill. The Effects of Inhaling 
-“ Magnesium Oxide Fume 


Basophilic Material in Benzol Poisoning: A Preliminary 
Report 











Published Monthly at Mount Royal and Guilford Aves., Baltimore, Md. 
by HARVARD SCHOOL OF PUBLIC HEALTH 





Entere " Ss second-class matter, at the Post Office at Baltimore, Maryland, under Act of March 3, 1879. Published Monthly. 
Copyright, 1927, by Harvard Medical School. 


Made in United States of America 











THE JOURNAL OF 
INDUSTRIAL HYGIENE 


PUBLISHED MONTHLY 











VoLuME IX 


MAY, 1927 


NUMBER 95 





ACUTE RESPIRATORY INFECTIONS AMONG MOTORMEN AND 
CONDUCTORS* 


H. 8. Drent, M.A., M.D. 
MARIE CONNELLY, M.A. 
AND 
D. D. Turnacuirr, B.S., M.D. 


From the Department of Preventive Medicine and Public Health, 
Medical School, University of Minnesota, 
Minneapolis, Minn, 


HYSICIANS who are con- 

cerned with the morbidity 

among large groups of indi- 
viduals, whether these be in schools, 
in army camps, or in industries, realize 
that there is no health problem which 
compares in importance to the so- 
called “acute ecold.’? Most persons, 
when they contract colds, lose little 
or no time from their duties, but the 
number of persons affected each year is 
so large that the aggregate time lost 
from colds far surpasses that from 
any other disease; consequently more 
and more attention is being given to 
the etiology, the epidemiology, the 
Predisposing factors, and the preven- 


* Received for publication Jan. 25, 1927. 
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tion of colds. It was with the hope of 
obtaining some additional data on the 
epidemiology of colds that the study 
reported in this paper was undertaken. 

The Minneapolis Street Railway 
Company maintains a medical service 
for its employees and keeps accurate 
records of their illnesses. The Medi- 
cal Director of the Company, who is 
one of the authors, made these records 
available for study, and for a period 
of six years, 1918 to 1923, inclusive, 
the time lost on account of acute 
respiratory infections was tabulated 
separately for motormen and for 
conductors. In the cars used on 
these lines the motormen are enclosed 
in booths in the front of the cars, 
while the conductors stand just in- 























170 


side the rear doors, at stations in the 
midst of the stream of passengers, to 
collect fares as the passengers enter or 
leave the cars. These conditions 
under which motormen and conductors 
work, particularly with regard to ex- 
posure to the public, seemed suff- 
ciently different to justify a comparison 
of the infections in the two groups. 


INDIVIDUALS LOSING TIME 
FROM COLDS 


The number of motormen and the 
number of conductors who lost at least 
one day on account of colds during 
each of the years from 1918 to 1923 
are shown in Table 1. The term 
“colds” as used in this study included 
diagnoses of rhinitis, pharyngitis, 
laryngitis, bronchitis, grip, and 
“cold.” ‘The percentages of motor- 
men and of conductors affected, as 
given in the table, are not absolutely 
accurate,' because the only figures 
available concerning the number of 
employees included both the motor- 
men and the conductors. However, 
since motormen and conductors work 
in pairs, the number of each employed 
from day to day is about equal; 
therefore, in computing the percent- 
ages in ‘Table 1 the number of motor- 
men and the number of conductors 
were each taken as one-half of the mean 
total for the year. 

This table shows that each year, 
with the exception of the year 1919, 
a larger proportion of conductors than 
of motormen lost time from colds. 
A more detailed analysis reveals the 
fact that during the last few months 


1 (ase records do not show absences of 
less than one day. 
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of 1918 as well as during 1919~— 
influenza years—the percentage of 


TABLE 1.—NUMBER OF INDIVIDUALS 
WHO LOST TIME ON ACCOUNT 
OF COLDS 
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| NUMBER | ' arog ™ 
WHO LOST . é 
TIME WHO LOST 
TIME 
TOTAL - 
YEAR | EM- 2 | 
PLOYED, §& 3 Ge | & 
| E|/o}] 
= om = | = 
6/8/18] 6 
2iOolaic 
1918 2,050 |140 |17 | 13.7] 16.6 
1919 2,366 |112 |112 | 9.5) 95 
1920 2,432 1155 173 | 12.7] 14.2 
1921 | 2,336 | 89 |178 | 7.6) 15.2 
1922s | 2,356 119 {179 | 10.1) 15.2 
1923 | 2,266} 61 | 92 | 54 81 
a | 
Average..... | 2,301 





motormen equaled the percentage of 
conductors losing time. Averaged for 
the six years, 9.8 per cent. of the 
motormen and 138.1 per cent. of the 
conductors lost more than one day 
each year from colds. The percent- 
ages of those who lost time varied 
widely from year to year, both for 
motormen and for conductors, the 
peaks for both being in 1918 and the 
low points in 1923. 


Time Lost FRoM CoLps 


The days that all employees lost 
were totaled for each year and the 
summary is shown in Table 2. ‘The 
average number of days lost per ill- 
ness was computed by dividing the 
total days lost by the number who 
were ill. 

The average time, 3.5 days, lost per 


2 im 
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cold, would seem to indicate that 
with the mild infections the men con- 


TABLE 2.—NUMBER OF DAYS LOST 
FROM COLDS 




















TOTAL NUM AVERAGE NUM- 
ane OF DAYS BER OF DAYS 
ont ~ | LOST PER PER- 
; SON ILL 
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— Sang ~~ os 
a =) + CS 
= ~~ - co 
= v = © 
i ~ — ~ 
> ao) - = 
~ = = = 
a O | a é 
a Pr | 
1918 681 SIS | 4.9 4.9 
1919 441 624 | 3.7 5.¢ 
1920 548 661 | 3.5 a.0 
1921 195 411 | 23 2.3 
1922 | 312 | 526 | 26 | 2.9 
1923 | 123 220 | 2.0 2.4 
Average....| 383.3 | 543.3 | 3.2 3.7 





tinued on duty and that when they 
did give up they were usually rather 
severely ill. The total time lost by 
conductors per year was 42 per cent. 
more than the time lost by motormen, 
but the average time lost per illness 
by the two groups was almost the same. 
In both groups the time lost per illness 
was greater during 1918, 1919, and 
1920 than during the last three years 
of the study. 

The economic yearly loss from these 
colds, caleulated on an average wage 
of $4.50 per day, was slightly over 
$4,000. 


INCIDENCE OF OTHER ACUTE 
ConTAGIouS DISEASES 


Although the acute contagious dis- 
eases are not common in age groups 
represented by street car employees, 


they occur occasionally; and, as with 





nN = 





acute colds, conductors would have 
much more exposure than motormen 
to mild atypical cases, carriers, and 
others in the traveling public. ‘Table 
3 shows the number of persons in- 
fected and the time lost by motormen 
and by conductors from scarlet fever, 
diphtheria, measles, mumps, and small- 
pox, during the five years 1918 to 1922. 
During this period two motormen 
and four conductors contracted scarlet 
fever, but more motormen than con- 
ductors were ill from diphtheria, 
measles, mumps, and smallpox. Dur- 
ing the same time four conductors 
had lobar pneumonia while none of the 
motormen contracted this disease. 


INTENSIVE STUDY OF AN EPIDEMIC OF 
INFLUENZA 


During the months of March and 
April, 1925, throughout this section 
of the country many persons were ill 
with a disease presenting the symp- 
tom-complex commonly called mild 
influenza. ‘The incidence of this in- 
fection was studied among the motor- 
men and the conductors from four 
of the barns or stations of the Min- 
neapolis Street Railway Company. 
Figure 1 displays the courses of these 
infections among the men from the 
various stations. The cars which 
went out from all these stations 
ran through the down town “loop” 
district. 

Among the men from station 1, 
the infections were rather evenly di- 
vided among the motormen and the 
conductors, although the motormen 
lost somewhat more time than did the 
conductors. ‘The infections also were 
almost equally divided among the 
men from station 2 until the 25th of 
March, after which date the number 
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of motormen ill was continuously 
higher than the number of conductors. 
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is the one which would seem most 
likely to account for any differences 










































































fected throughout the entire period. 
But from station 4 more conductors 
than motormen were ill each day of the 
epidemic, 


(COMMENT 


There are today three factors which 
are rather generally accepted as etio- 
logic in the production of colds. These 
are: (1) nonspecific, nonbacterial fac- 
tors, such as physical and chemical 
irritants, exposure to cold, and various 
reflex conditions; (2) a loeal or general 
hypersensitive condition to such sub- 
stances as plant pollens, animal emana- 
tions, and (3) 
infecting micro-organisms with viru- 
lence sufficiently high to set up an 
infection upon the nasal mucous mem- 
branes of This last 
constitutes the true infectious cold and 


and certain foods: 


most persons. 


TABLE 3.—NUMBER OF DAYS LOST FROM ACUTE CONTAGIOUS DISEASEs 
ect os ae OEY a a ARIE OEIC A ERE OED IO PL ETE RP, LEE cE meee iabdonticidne 
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Fio|§ s181S51816181518151815181s)18)/sigis 
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SClISISCIBSISClSiScl/si Sl[sisoisl{/olslolsli olsgicsis 
SigixniaeizZziaixzisaeixzisgizisesisi@eistzigizigiezia 
SSlel[ sole; sSial sie SIE) PS SiSiciglielsié 
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eb ee ee OP Of Pe OF oy Oe YT to a 
1918 | 3) 2/35] 35)...} 3)...] 28) 3] 3} 55] ssi...) 2)...) 12) 4}. ..} 35 
| | 
1919 ; Ly oe eee ce: ee lj...) 4)...).. 
1920 } = -| Ij...| 8 1} Ij 06) A | Il}...| 4 I) 45, 9 I} ]} 24) 39 
1921 1} 1} 28] 6o| 2)...) 19)...J...]...)...1.... 7] af sol 5} 2) af a7! 2 
1922 debe dah. dash. dob hb ab. f eel th. 
| | | | | | | | | | 
Total..........| 2) 4 63/103) 4) 2! 93) 54) 4) 3) 66 58! 13) 5160) 30) 4) 2/106 60 
rom station 3 the motormen and in the ineidence of colds between 
conductors were about equally af- motormen and conductors. Ina large 


group of employees there is no reason 
to think that in one half there should 
be more persons hypersensitive than 
in the other half. The exposure to 
colds and drafts might vary between 
motormen and conductors, but both 
groups are greatly exposed to outdoo! 
conditions and so should be hardened 
to withstand them. ‘The relationship 
which has been pointed out between 
the incidence of colds, the mean out- 
door temperature, and the averag' 
daily sunshine? could hardly account 
for the difference noted between these 
two groups. In the amount of expo- 
sure to the general public, however, 
there distinet difference 
motormen and conductors, the cob- 
ductors being continuously exposed 


is between 


2 Smiley, D. F’.: Seasonal Factors in U 
Incidence of the Acute Respiratory In 
tions. Am. Jour. Hyg., 1926, 6, 621. 
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directly to spray borne infection and conductors to conductors during their 


‘ndireetly through hands, money, ete.; hours off duty must be responsible for 
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March 
lia. 1.—Ineidence of mild influenza a 


ns of the Minneapolis Street Railway C 


while the motormen have practically 
no exposure to the publhe when on 
duty. Of course, for approximately 
iwo-thirds of the day, these men are 
oil duty and could be exposed to infec- 
tions by their fellow workmen, by the 
veneral publie, and by their families. 
Such exposures probably account for 
more specifie infections, such as 
‘uenza, searlet fever, diphtheria, 
‘mumps, which attack motormen 
(ually as frequently as they do con- 
ictors. It would seem also that 
transmission of infection from 
tormen to motormen and from 





April 
mong motormen and conductors from four 
ompany during March and April, 1925. 


the predominance of infections among 
one group or the other as observed in 
the greater amount of influenza among 
the motormen from station 2, in the 
predominance of chis same disease 
among conductors from station 4, 
and in the noticeable prevalence of 
mumps among motormen during the 
years 1920 and 1921, 

Tables 1 and 2 show a decidedly 
greater incidence of colds and a greater 
loss of time from them among con- 
ductors than among motormen but 
one wonders whether there might not 
be some difference in the type of the 
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average individual in the two groups 
which might account, at least in part, 
for the difference in time lost. With 
this in mind the following hypothet- 
ical questions were submitted to the 
superintendent of employment and to 
four station foremen of the Street 
Railway Company: 

1. Are there any differences between 
the type of men employed as motormen 
and the type employed as conductors? 

2. If 100 motormen and 100 con- 
ductors were equally sick, which group 
would lay off most? In what propor- 
tion? 

Their judgment regarding the type 
of men employed for the two classes of 
work 1s that “the motormen are more 
rugged, stolid and older; while the 
conductors are of a more asthenic 
type, more intelligent and younger.” 
The replies to the questions regarding 
the proportion of motormen as com- 
pared to eonduetors who would lose 
time from the same degree of illness 
gave the ratios of motormen to con- 
ductors as: 4:5, 3.5:6.5, 2:3, 3:5, and 
5:5--an average of 3.5:4.8. 

Henee, according to the opinion of 
these foremen the differences in the 
type of individuals would account for 
37 per cent. greater loss of time by 
conductors than by motormen. If 
these opinions are correct, the differ- 
ence In exposure to infections would 
not need to account for any of the 
difference in the number of conductors 
and the number of motormen who 
were off duty, the average for con- 
ductors being only 34 per cent. greater 
than the average for motormen. ‘This 
would seem to add further evidence 
to the conclusion of Winholt and 
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Jordan’ that the transmission of colds 
by contact usually requires rather 
close exposure. 


SUMMARY 


1. A study covering a six-year period 
was made of the incidence of acute 
respiratory infections among motormen 
and conductors employed by a large 
street railway company. 

2. During this period the conduc- 
tors lost more time from the so-called 
“acute cold” than did the motormen. 

3. The greater loss of time by con- 
ductors was due chiefly to a large 
number of conductors having colds: 
although they also showed more re- 
peated infections and a slightly greater 
average loss of time from 
infection. 

4. Of the many factors which have 
been suggested as contributory in the 
development of colds, the greater ex- 
posure to the public seems to be the 
only one in which there would be a 
marked difference between a group of 
motormen and a group of conductors. 

5. The opinions of five foremen of 
the street railway company would 
seem to indicate that the differences 
in the type of individuals employed as 
motormen and as conductors might be 
sufficient to account for the entire 
difference in time lost by the two 
groups. 

6. The acute contagious diseases at- 
tacked more motormen than conduc- 
tors during this period, which would 
seem to indicate that most of these in- 


each 


’Winholt, W. F., and Jordan, Ek. © 
Epidemiology of Colds in Infants. Jour 
Am. Med. Assn., 1923, 81, 280. 
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fections were contracted when the 
men were off duty. 

7, An intensive study of an epidemic 
of mild influenza among the men from 
four stations showed that at two sta- 
‘ions the motormen and conductors 
were about equally affected; that at 
one station more motormen were ill 
‘han conductors; and that at the 
fourth station more conductors than 
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motormen were off duty. This would 
suggest that much of this infection 
was transmitted from motormen to 
motormen and from conductors to 
conductors when they were not on 
duty. 

8. The financial loss due to acute 
respiratory infections which were in- 
capacitating for at least one day 


averaged slightly over $4,000 per year. 




















THE CARDIAC PATIENT IN INDUSTRY: CHICAGO HEART 
ASSOCIATION PLANS CONSTRUCTIVE PROGRAM 


DATA FROM THIRTY-FOUR INDUSTRIES* 


H. Ek. Mock, M.D. 
St. Luke’s Hospital, Chicago, Ill. 


AND 


SusA P. Moore 


Chicago, Ill. 


ERIOUS are being 
made in Australia to establish a 
national institute wherein heart 

cripples who are unacceptable for pub- 
lic services and unable, because of 


proposals 


workmen's compensation provisions, 
to be absorbed in industry may earn 
their basic wage. In this way it Is 
hoped to avoid unemployment con- 
The or- 
ganization of industry in aceordance 


ditions and economic waste. 


with economic requirements is waste- 
ful of all handicapped workers. In- 
flexibility of adjustments may even 
I’m- 
multiple reg- 
ulations which they find difficult to 
apply, are slow to displace internal 
management 


produce a public health menace. 


ployers, impeded by 


schemes in the interest 
of individual workers or even to utilize 
a typical group of physical defectives. 


ASSOCIATION SPONSORS CERTIFIED 
WORKERS 
The 


having 


Heart 
conducted a 


Association, 
study project 
within Chicago industries during the 


Chicago 


* Received for publication Dec, 22, 


1926. 


past year, now proposes a workshop 
laboratory under scientific supervision 
which will cover a job induction period 
for cardiac defectives who are to be 
certified by the Association for certain 
positions which they are found com- 
petent to fill. This corresponds to the 
Australian proposals except that here 
the industrial workshop will be utilized 
as a clearing house and not as a haven 
for handicapped workers. <A_ refine- 
ment of ordinary personnel methods 
will replace haphazard employment 
within this group. <A trained social 
worker to follow up certified workers 
and give a stability to case work here- 
tofore unknown will gradually develop 
in the employer a confidence he does 
not now feel in this work. It is ex- 
pected that this definition of activities 
will increase the prestige of the Heart 
Association work, for the workshop 
laboratory which is an integral part o! 











the scheme will pursue fatigue studies 
of scientific value designed to develop 
a series of work tolerance tests | 
general use. 

The four summarization tables pre- 


sented with this article cover pre! 


May, 
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nary studies in the development of 
present placement plans carried on by 
\irs. Gertrude Howe Britton, execu- 
‘ive director of the Chicago Heart 
\ssociation, with full assistance 
‘hroughout the medical aspects of the 
jtuation by Dr. Wilma Cohn Sacks. 
(‘onsultation was secured with indi- 
vidual members of the Chicago Society 
of Industrial Physicians on the direc- 
‘ion which the study should take, and 
‘he information presented represents 
the direct aid given by employers, 
personnel men, and the medical staffs 
of the thirty-seven Chicago industries 
which maintain adequate or nearly 
adequate medical services for their 
employees. Comparable data from 
thirty-four industries covering phys- 
‘al examination records of nearly 
{00,000 men have been utilized in this 
tudy. (Co-operation with existing 
agencies has been secured at every 
possible point and the workshop lab- 
ratory, Which is an integral part 
present plans, will be conducted 
industrial workshops of the 
lewish Social Service Bureau. The 
cement expert will be jointly fi- 
need by the Heart Association and 
Jewish Social Service Bureau in 
order to avoid ambiguities growing 
out of duphieated effort. Hereafter a 
(\ or a ITB elassifieation of a cardiac 
defective will mean a definite set of 
physical factors well understood by 
«| who are concerned in his placement, 
nd it is expected that sentiment will 
outrun sound judgment in place- 
ment work. 
\o high statistical value attaches 
the percentages for cardiac defec- 
tives here given, for it is impossible to 
accept as final the recorded 1.34 per 
‘ent. of applicants for work who are 


rejected because of heart disease (see 
Table 1), in the face of the fortuitous 
manner in which examinations are 


TABLE 1.—DATA FROM THIRTEEN 
CHICAGO INDUSTRIES SHOWING 
1.34 PER CENT. OF ALL EXAMINED 
APPLICANTS FOR WORK RE- 
JECTED BECAUSE OF 
HEART DEFECTS 








| NUMBER OF APPLI- | 
FIRM | CANTS | PERCENT- 
NUMBER | ee a —_ | 
Examined Rejected |; REJECTED 


| 








9 | 1,750 | 159 | 9.0 
4 | 600 | 3 | 04 
8 | 7,000 | 70 | 1.0 
10 1,000 | 20 | 2.0 
ll 1,615 | 52 3.2 
16 200 5 | 25 
18 | =1,697 46 2.7 
19 23.618 550 Ss 
20 160! | 16 10.0 
25 42 000 lll | O38 
27 1,500 60 | 40 
29 3.909? Ls7 | 5.5 
3] | 14,975 4S | 0.5 
Totals... Q9 O74 1,327 1.34 


i Selected. 


2 Insured. 


made and of the incompleteness of 
records, particularly as coneerns can- 
didates for work. Rejection records 
were kept in only thirteen of the in- 
dustries surveyed and they probably 
represent far less than the actual pic- 
ture. In many concerns the physical 
examination is delayed for some weeks 
after employment. The rate of rejec- 
tion ranging from 0.5 per cent. in one 
instance to 10 per cent. in another 
represents irreconcilable extremes. 
Diagnosis cannot be verified. Inade- 
quate forms and the absence of specific 
tests undoubtedly allow the admis- 
sion of many cases of undiscovered 
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heart disease. Figures are equally 
vague regarding the incidence of heart 
disease among old employees, but it 
appears to be more than the generally 
accepted figure of 2 per cent. 

The general attitude of the employer 
and the personnel group is unfavorable 
toward the cardiac worker ‘“‘on the 
basis of experience,’ according to 
many of the reports. Very few, how- 
ever, can state what that experience 
has been. Wherever there has been 
any proper analysis of the situation, 
the generally unfavorable impressions 
tend to disappear. One large industry 
which is without prejudice against 
employing selected cases reports good 
industrial output and an unusually 
low lost time record among workers of 
It is the opinion of this 
industry that the handicapped worker 
appreciates his privilege to work, and 
that for the most part the physical 
condition improves under a regulated 
regimen. It is to be remembered in 
this connection that the insurance 
report of the committee on heart dis- 
ease of the British Medical Research 
Committee found that all cases de- 
teriorated under inactivity and that 
more than half of large groups of 
men improved progressively under 
graded work. The experience of this 
single firm with large groups of workers 
over a period of nine years confirms 
this observation. Old employees have 
their work adjusted but, unless change 
seems imperative, a shift of jobs is 
not made. The management chooses 
to avoid the psychic upset of ill- 
considered shifts and regards retrain- 
ing as usually impracticable within 
the industry. A pension system pro- 


this class. 


vides for the case which becomes de- 
compensated on the job. 


(It is to be 





THE JOURNAL OF INDUSTRIAL HYGIENE 


noted also that the existence of pension 
systems seems to simplify interna] 
difficulties of administration in the 
interest of the handicapped worker. ) 

The findings of this survey indicate 
that 1.34 per cent. of 99,074 appli- 
cants for work were rejected on ac- 
count of heart disease and that some 
degree of heart disability affects 2.5 
per cent. of the 395,084 workers within 
industry. It is evident that present 
policies of evasion on the part of indus- 
trial management have not been con- 
spicuously successful in meeting the 
situation. 

A still more acute condition affects 
the group of decompensating or relaps- 
ing heart conditions that are present 
in workers attendant upon the heart 
clinic. ‘The 652 patients covered by 
the reports of these clinics (Table 2 
represent a fairly high quota of frank 
decompensation cases. Of this group 
less than one-third are able to carry on 
their regular pursuits; 275 (42.3 per 
cent.) require shortened hours or 
modified activities; and 165 (25.3 per 
cent.) are incapable of regular work. 

Cardiac workers have a very poor 
opportunity for employment in 
Chicago. Of thirty-four industries 
tabulated, only twenty-seven have a 
well-defined policy in connection with 
their employment. Nearly half of 
these reject all; eight will hire the well- 
compensated case, and two others 
make exceptions for highly skilled 
workers in positions which are hard 
to fill. It is noteworthy that the 
examining physician decides on the 
employability in only two 
tries. The decisions of personnel men 
rather than medical judgments 4¢- 
count for some of the anomalies of the 
present situation. 


indus- 














CARDIAC PATIENTS IN INDUSTRY 


Illinois workmen’s compensation 
laws ignore heart disease. Industrial 


industry to constructive activity in 


this direction. 


TABLE 2.—DATA FROM SIX CARDIAC CLINICS OVER A PERIOD OF ONE 
MONTH, SHOWING PLACEMENT NEEDS INDICATED BY WORKING CA- 





PACITIES OF PATIENTS, AGE GROUPS FROM 20 TO 55 YEARS 





| | CAPABLE OF REGULAR 


WORK 
CLINIC | TOTAL |__ 





UMBER | CASES | 
” | Per 











| ADJUSTED TIME OR MODI- | 
| FIED ACTIVITY NEEDED | 


} 


NOT PLACEABLE 





| 





























ba ae >) 

| Male | Female | Cont. Male | Female | Pine Number P bad 

1 | 116 33 30 | 54.3 3 13 | 13.8 | 37 | 319 

2 | 131 30 IS | 36.6 16 22 29.0 45 34.4 

135 30 | 18 | 336 | WU 66 | 57.0 | 10 7.4 

81 4 inn 1 ee i | 2 4 5.0 

5 39 5 | 6 | 28.2 9 9 46.1 10 25.7 

6 | 10 | 38 | .... | 25.3 53 we ( oat SS 39.4 
Totals 652 | 140 72 32.5 | 165 | 110 | 422 | 165 | 25.3 





diseases to be compensable must be 
shown to have arisen because of and 
in the course of work, and the occupa- 
tional disease becomes an accident 
under the law. Heart disease is not 
in this sense occupational. Very few 
awards under workmen’s compensa- 
tion in Illinois have regarded the 
disabled heart as a possible contribut- 
ing cause of accident. The contention 
has been made in fewer than half a 
dozen eases before the Illinois Indus- 
trial Commission. The decisions, 
however, do place responsibility for 
preexistent disease upon the employer 
and place upon him the burden of 
proof in such a case. Thus industry 
is perhaps justified in its present atti- 
tude of rejection. Any extensive pro- 
gram depends upon breaking down 
this resistance by means of more 
scientific approach to the whole prob- 
cm. The amateur has no place in 
vocational adjustments. One _ heart 
defective badly placed can discredit an 
entire program and can close a whole 


HEALTH DEPENDS ON WORK 
ADJUSTMENT 


The Chicago Heart Association, or- 
ganized in 19238, first turned its atten- 
tion toward securing the essential 
special medical staff. Then  affilia- 
tions with health and social agencies 
were effected, and a monthly bulletin 
informational in character was pub- 
lished to reach and cement the inter- 
ests of widely divergent groups. Social 
investigations are made and suitable 
workers recommended to school clinics 
and to hospital and industrial dispen- 
saries. The workshop laboratory and 
field supervision under a vocational 
expert complete the social machinery 
for a well-rounded program. ‘Table 3 
shows the relatively difficult problems 
of placement within the industries 
themselves and Table 4 gives a highly 
condensed statement of an analysis 
made of 155 jobs in various processes 
in fourteen industries wherein suitable 
placement may be made of cardiac 
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TABLE 3.—POLICIES OF THIRTY-FOUR CHICAGO INDUSTRIES (COVERING 
395,084 EMPLOYEES) IN RELATION TO THE HEART CRIPPLE! 


THE JOURNAL OF INDUSTRIAL HYGIENE 











FIRM 
NUMBER 


NUMBER OF 
EMPLOYEES 


POLICY TOWARD APPLICANTS 


POLICY TOWARD EMPLOYEES 








bo 


“a 
—~ 


—_ 


9) 
10 
1] 


14 


15 


16 


1S 


19 


20 


22 








9 500 


3,900 


700 
9,000 


52 000 


700 


9,000 
9,000 
10,000 
7,400 
5,500 
15,100 
1,000 
8,000 
2,500 


400 


27,000 


1,000 
27,000 
3,500 


17,500 


6,000 





Reject all. Possible excep- 
tion for skilled workmen. 

Place only in skilled, non- 
hazardous work. Reject 
decompensated. 

Make no discrimination. 
Work is light. 

Accept compensated mitral 
cases for light work. 

Accept compensated mitral 
defectives for clerkships or 
light work. 

Employment office decides. 
Doctor makes no specific 
recommendations. 

Reject all unless in positions 
hard to fill. 

Reject all. 

teject all. 

teject all, 

teject for train service. 


teject all organic cases. 


Aecept if able to do work ap- 
plied for. 
Place favorable 
clerks, draftsmen, ete. 
Reject decompensated 
borderline cases. 
Accept for posts not hazard- 


cases as 


and 


ous for patient. 

Defect must not interfere 
with work. Find special 
work if good compensation. 

Reject all. 


Accept selected cases. 
Reject all. 


all. 


teject 


Reject all. 





a 


Find selected jobs. 


Find selected jobs. Make fre- 
quent reexaminations. 


Make no reexaminations. 


Make no reexaminations. Likely 
to discharge any found. 

Make suitable adjustment when 
possible. 


Retain, but work may not be suit- 
ably adjusted. 


Retain in old position if possible 
Work adjusted. 

Place suitably if possible. 

Place suitably. 

Place suitably. Reexamine. 

Do not discharge. 
ably. 

Give lighter work if not disabled; 
otherwise discharge. 

Place in suitable position. 


Place suit- 


Place in selected jobs. 


Place suitably. Reexamine. 


Place in selected jobs. 


Do not discharge. 


Place some in selected jobs; dis- 
charge some. 

Place in selected posts. 
fund for disabled. 

Adjust suitably. 
abled. 

Retain. 
Demote in 
less old and valuable employ: 

Do not discharge. Give rest 
light work. 


Pension 
Pension if dis- 


Supervise periodically 


work and pay un- 











! This tabulation includes transportation companies all of whose employees may not 
resident in Chicago. 


j.3 
May, Lt 
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TABLE 3.—Concluded 























rinM | NUMBER OF | poricy TOWARD APPLICANTS POLICY TOWARD EMPLOYEES 

<UMBER | EMPLOYEES 

93 35,000 Reject all. Place in selected jobs. 

94 11,000 Accept selected cases for | Place in suitable occupations. 

special work. 

95 42,700 Accept those with functional | Select jobs and observe closely. 

disorders only. 

26 27 ,000 Reject all. Place carefully. 

27 1,500 Reject all. Lighten work if possible, but not 
usually possible as work is rig- 
orous. 

8,000 Employ all well-compensated | Retain and have treated by medi- 
cases. cal organization. 

29 3,359 No data. Supervise; 187 cardiac patients. 

30 300 Reject if work is unsuitable | Adjust old employees. Make 

for patient. little effort for new employees. 

3] 14,575 48 rejections in 15,000 exam- | Have 6 cases now, requiring close 

inations. supervision. 

32 50 Do not reject. Make no adjustments. Regard 
heart cases with disfavor. 

33 14,000 Make no examination before | Find policy of light work with re- 

employment. duced pay not very effectual. 

34 | 20.000 | Reject all. Make no adjustments. 











vorkers. The flexibility seen here 
ind there within industry in the matter 
' placement favors only the old and 
valued employee or the skilled worker 
jobs difficult to fill. A relatively 
iigh proportion of the 155 jobs finally 
ndexed as to their placement possi- 
bilities calls for skilled workers and 
apprenticeship periods. A worker 
who has remained untrained through- 
out his productive years is a rather 
discouraging prospect for reeducation, 
et this is what remains to be accom- 
piished if the situation is to be met 
‘ull. Retraining is not to be under- 
“cen lightly, and in this connection it 
‘well to remember that a patient who 
vell adjusted to rather heavy work 
saler than one who is on lighter occu- 
pation but who is subject to sudden 
' unusual demands of energy out- 
It is of use to attempt to elim- 








inate from certain jobs the few 
operations known to be particularly 
fatiguing to the cardiac worker. 

The situation does not eall for 
gratuitous criticism of the employer 
who, not knowing what to do, has done 
nothing. Nor does it help for social 
agencies to overrate the possibilities 
of the worker. The physician’s re- 
sponsibility likewise is to give reliable 
information regarding the type of 
handicapped person who may be con- 
sidered a good risk under controlled 
conditions. It is useless for industry 
to feel that self-protection is obtained 
by a policy which excludes innocent 
murmurs but allows the rapidly dis- 
integrating syphilitic hearts to pass. 
Rheumatic hearts, by far the most 
prevalent in age groups under 40, are 
better economic risks. Periodic tests 


of suspected cases are much better in- 





os — — 
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TABLE 4.—CONDENSED ANALYSIS OF 155 JOBS IN VARIOUS PROCESSES IN 
FOURTEEN INDUSTRIES CO-OPERATING WITH THE CHICAGO HEART 
ASSOCIATION WITH A VIEW TO DEVELOPING SATISFACTORY 


JOB INDEXES FOR CARDIAC WORKERS! 








—~—. 
A 














NUM- 
SPECIAL SALARY 
BEI SKILLED OR 2CIFI 
‘ | PROCESSES —— TRAINING sindovopninl SEX PER 
OF UNSKILLED ouasonn ABILITIES wane 
JOBS - 
7 Workin den-| Skilled Variable, Accuracy M-7 $10-$135 
tal labora- 4—5 yrs. 
tory 
22 | Manufac- Unskilled Short Good eyes, M or F-2 | Piece 
ture of dexterity F-20 rates 
electrical 
apparatus 
5 | Making Both Short Dexterity, M-2 $18 up 
lamp artistry F-3 
shades 
11 Commercial | Both Short in Dexterity, M or F-2 | $15-$S0 
photog- 7 processes good eyes, Mt 
raphy experience F-5 
19 | Office work Graded Variable Education, M or F-12 | $12-$35 
experience l-7 
7 Paper box Both Train on job | Dexterity M-1 $8-$16 
manufac- l'—§ 
ture 
6 | Jewelry, and | Skilled 4-5 yrs. Artistry, M-6 $10-$90 
watch Unskilled, mechanical 
repair ] ability 
5 | Making Unskilled Short Accuracy, M-1 36-320 
artificial dexterity, I—4 
flowers color sense 
4 s;eadwork Skilled Variable Accuracy, h-4 Piece 
embroid- dexterity rates 
ery 
19 Woodwork- |; Unskilled IXxperience, | Deftness M or F-4 | Not 
, 
ing | shop train- M-11 stated 
| ing I’—-4 























1 All details of these studies are available to placement workers of the Chicago Heart 
Association. 


Li.2 
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TABLE 4.—Concluded 




















NUM SPECIAL SALARY 
TR SKILLE R cngeai SPECIFIC : ‘ 
BEE PROCESSES sae io TRAINING ABILITIES SEX PER 
OF a PERIOD iia ital WEEK 
JOBS | 
i9 | Printingand | Skilled Long Interest, M or F-3 | $8 up 
engraving | apprentice- education, M-10 
_ ship experience, l'-6 
| | strength 
22 | Pencil and Skilled, 18 | Trainon job | Dexterity M or F-3 | Piece 
* . } . 
pen manu- | Unskilled,4 | M-6 rates 
facture | b-13 
eT ve . ; 
4 | Laundry Unskilled | None Strength M-1 $13-$22 
| | F-3 
| 
| 
5 | Miseellane- | Both Trainon job | Not standard- | M-2 $13-$22 
ous | | ized F-3 




















surance for the employer than sketchy 
initial physical examinations. The 
potential ecardiae is safe only with 
careful diagnosis and in a safe posi- 
tion. The welfare of the employee is 
contingent entirely upon the science 
of shop management. Initial physical 
examination is not sufficient. The 
motion studies that are now becoming 
more prevalent can with very slight 
modification be made to include fac- 
tors Which would index every job suit- 
able for the handicapped worker. 


(CHANCE, NOT SCIENCE, CONTROLS 


\Ve have empirical medicine and we 
have a well-developed and fairly satis- 
‘factory empiricism in industrial man- 
agement. The employees covered by 
this study include 100,000 at work on 
railroads; 56,500 in the steel industries; 
tS.000 in public utilities; 46,000 in the 
manufacture of electrical apparatus; 
32,000 in department stores; 16,500 


-, 


‘n mail order houses; and 96,000 in 


general manufacturing. Physical ex- 
aminations are routine procedures 
only in hazardous occupations and in 
positions of trust. Positions popu- 
larly considered as light occupations 
are on actual test found to be taxing 
in the extreme. FT atigued men at 
strategic points who become irrita- 
ble or inefficient should be scrutinized 
both as to their physical condition and 
as to work processes. Complete medi- 
‘al service with routine examination 
is most common in industries where 
the physical flotsam and jetsam drift. 
These safeguards are by no means 
universal in the heavier occupations 
and fatigue is not subject to routine 
tests. 

This statement has included little 
about medical categories and the pre- 
ventive aspects of heart disease. 
Nevertheless it 1s apparent that the 
best possible measure of protection is 
a public health program dealing with 
contagion, malnutrition, overwork, im- 
proper use of leisure, unhygienic 
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housing, and bad inheritance. The 
spotlight is turned upon industry be- 
cause it is always under conditions of 
stress that imbalance develops, and it 
is our social habit to apply correction 
at that point rather than at the place 
of origin. Suggestions regarding the 
Chicago situation provide no universal 
formulae. It is well understood that 
specialization of work and motion 
study pertain to urban conditions, 
and everything hinges upon conscienti- 
ous and general medical attention to 
this important problem. The un- 
trained, undisciplined worker is a poor 
risk. 

(n the clinical side it should be said 
that perfectly satisfactory production 
has been consistently made by cardiac 
workers suitably The 
strategic 
positions and in highly skilled workers 


supervised. 
value of conservation in 
proves the general value of the princi- 
ple. It has to be admitted in the face 
of these facts that heart disease for 
the most part goes undiagnosed until 
Heart defectives 
fall definitely into two large classifica- 


disaster impends. 


tions: the one due to infections among 
persons under 40; and the other to 
hypertensions and other senile con- 
ditions. Perhaps 40 per cent. of all 
cases at all ages belong to the rheuma- 
tic group. 


RHEUMATISM A WORKING 
CLASS DISEASE 


While no such comprehensive study 
has made of rheumatism = in 
America as that covered by the recent 

sritish Medical Society report on en- 


been 


vironmental and other predisposing 
causes of rheumatic fevers, with its 
spot maps and occupational data, we 
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may safely accept the general dictum 
that rheumatism affects the children 
of working classes in particular and 
that its prevention requires social as 
well as medical remedy. 

Syphilis takes its toll in the younger 
groups. The older syphilitic nearly 
always meets a cardiac death. Only 
one of the industries surveyed ex- 
pressed any opinion as to the de- 
sirability of routine Wassermann or 
precipitation tests. This opinion 
favored some specific diagnostic pro- 
cedure to eliminate the syphilitic 
heart from among a certain group in 
hazardous positions in which the re- 
sponsibility for the safety of others 
was great. 

The syphilitic heart is of particular 
importance in the older age groups. 
An inactive systemic infection which 
has lain dormant for years may, when 
a man is older, take a virulent form 
of heart in the presence of 
overstrain, fatigue, or superimposed 
Medical 


relatively simple in 


disease 


infections and intoxications. 
categories are 

ages beyond 50. Medical correction, 
not become 


spondingly simpler, for the same inten- 


however, does corre- 
sive research has not been given the 
hypertensive groups that we are now 
devoting to primary causes of heart 
failure having their origin in infancy 
and childhood. IJtndocrine changes 
probably play a part, and environ- 
mental conditions are relatively more 
important as habits are fixed and the 
range of adaptability lessened. Pace 
setting is particularly important for 
the aging worker and due _ respect 
must always be given to individu: 
rhythms, even to individual idiosyn- 
crasies, and it is here that minute at- 
tention to the elimination of postura! 


May 











CARDIAC PATIENTS IN INDUSTRY 185 


strain and irregular and sudden de- 
mands conserves the old and valued 
employee. It is particularly in the 
older age groups that the newly de- 
veloping insurance codes which make 
classification on the basis of physical 
jndings rather than from diagnostic 
ata are illuminating. The newer 
viewpoints in heart examination rely 
more definitely on objective findings 
in the patient and, with regard to 
placement, require tests to bring out 
ihe presence of breathlessness or dis- 
comfort which mark the physiologic 
limit of exertion. Some cardiologists 
recommend the use of the X-ray in 
doubtful cases in persons aged 50 years 
and over. 

Prevention of rheumatism must con- 
centrate on the school years between 
the ages of 5 and 15, and it is weil to 
appreciate that the child who does not 

» well in open air classes is probably 
vibiting the malnutrition and early 
nemia characteristic of the potential 
eart patient. The pretuberculous 
uild is no more important to study 
n the preeardiaec. The rheumatic 
art is good for from three to five 
es the length of service that the 
philitie heart is good for. Neverthe- 
enthusiastic sponsors for the 
ployment of eardiae defectives 
nould realize that less than 31 per 
ent. of rheumatic hearts recover, and 
‘lly 50 per cent. die before the age of 
‘). Insurance experience shows that 
ven so-called ‘functional’ hearts 

Ww OO per cent. increase over the 

pected mortality in age groups be- 
vond 46 years. Dr. IF. L. Grosvenor 

responsible for figures recently 

‘omitted to the Insurance Medical 
Jirectors Association which are de- 

ened to measure the bearing of infec- 


tions on the development of heart 
disease. Included as circulatory dis- 
eases were cerebral hemorrhage and 
apoplexy, pericarditis and acute endo- 
carditis, organic disease of the heart, 
angina pectoris, and diseases of the 
arteries. The interesting fact was 
brought out from the 6,858 lives 
studied that the highest mortality in 
all cases of infectious origin took place 
in the younger age groups. 

It is the so-called ‘‘innocent”’ lesion 
that is being elucidated by the joint 
mortality investigations of the British 
and American actuarial societies. The 
successive reports of these studies 
bring out the social grades of the 
population in which disabling heart 
conditions occur, and a habitat code 
now in preparation is expected to 
reveal the spots of unusually high 
incidence. Under their new medical 
‘ategories the “innocent” mitral mur- 
murs are placed in three medical 
groups instead of in one. A localized 
mitral murmur with no other im- 
pairment is of slight significance. If, 
however, the murmur is distinctly 
transmitted, the risk of heart disaster 
is decidedly increased. If in addition 
there is a history of rheumatic attacks, 
or of family ineidence, the risk is more 
than doubled, the ratio being 106, 
158, and 234 per cent., respectively, 
of the expected mortality. These 
figures are based upon New York 
Life Insurance Company experience, 
atings which include only the most 
favorable groups, as none but func- 
tional disorders of the heart are 
accepted. 

Classification of heart disease thus 
becomes possible along more scientific 
lines, and fewer guesses jeopardize 
the economic and physiologic welfare 
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in industry of the employee with 
defective heart. Internal adjust- 
ments of personnel are on the whole 
more satisfactory for the older age 
groups, but medically the hypertensive 
cases have not yet been segregated for 
the type of intensive clinical investiga- 
tion which the extent of the problem 
demands. 


(“ONCLUSIONS 


1. The economic cost of heart dis- 
ease mounts to an unmeasured degree 
under haphazard systems and exclu- 
sion policies, without careful medical 
examination and periodic physical 
tests. 

2. Employee benefit systems appear 
to favor an unbiased consideration of 
health problems. Solution of work 
problems through retraining is the 
fond hope of amateurs; this method 
does not loom large in practical 
schemes. 

3. Medical categories as such are 
less important in formulating heart 
problems in industry than are person- 
ality studies and performance tests. 
The Iieart Association 1s 
right, therefore, in strengthening social 
service and in prosecuting further in- 
quiry in the direction of tests which 
will sift out and favor the potential 
cardiac patient. 

4. The fact that 


(‘hicago 


there are cardiac 
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defectives who are unemployable in 
competitive jobs but who are stil] 
able to work calls for a state wide 
conservation program which will per- 
mit the economic and curative benefits 
of regular and remunerative work. 
Until workmen’s compensation ceases 
to charge industry with undue re- 
sponsibility with regard to heart de- 
fect, such a workshop will have to 
be sponsored by an outside agency 
under full co-operation and support of 
employers. 

5. Scientific management, with its 
job indexes and its intensive study of 
individual workers, offers an excellent 
opening for corresponding perforim- 
ance indexes of handicapped workers. 
Placement work that is planned on 
a precision basis will be in better odor 
than haphazard employment methods 
as generally used at present. 

6. Medical emphasis must be placed 
elsewhere than at the point of cardiac 
breakdown. The British method of 
providing arthritis units and hospital! 
care for rheumatism as the most im- 
portant cause of heart disease in age 
groups under 40 is a case in point. 

7. Co-ordinated, continuous 
with a definite objective through 


work 


scientific groups similar to the Chicago 
Heart Association is to be credited 
with the development of a new health 
viewpoint and a new public healt! 
technic. 














METAL FUME FEVER: III. THE EFFECTS OF INHALING 


MAGNESIUM OXIDE FUME* 


PuHItie DRINKER 
RosBert M. THOMSON 


AND 


JANE L. FINN 


Depariment of Ventilation and Illumination, 
Harvard School of Public Health, Boston, Mass. 


N TWO previous papers, we have 

shown that a pronounced leuko- 

eytosis (1) is perhaps the most 
distinetive clinical feature of the 
metal fume fever acquired by the in- 
nalation of freshly formed zine oxide 
fume, and that, if a second inhalation 
is taken on the day following an attack 
of fever while the white blood cell 
count is still high, the subject enjoys a 
definite type of resistance (2). 

It has been pointed out (3) that the 
cases of metal fume fever reported in 
the literature were generally caused 
by the inhalation of freshly formed zine 
oxide fume. Up to that time (1922) 
it apparently had not been mentioned 
as occurring in men who handled zinc 
oxide powder. Since then Koelsch 

{) reports that “cases have been 
observed, however, in which inhalation 
of ordinary zine oxide in very finely 
divided powder form has produced 
symptoms similar to those produced 
by vaporization’’—that is, by burning 

ine Vapor. 

This observation has been confirmed 

1 our experiments; for two of us had 


" Received for publication Feb. 10, 1927. 
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attacks of fever on inhaling finely 
grained zinc oxide powder, Kadox,! 
the particles of which were of the order 
of 0.4micron in size. The Kadox had 
been dried overnight at 110°C. and 
while still hot was blown into our gas 
cabinet (1,600 cubic feet) by means 
of compressed air and a suction tee. 
In this way a well-dispersed cloud is 
produced which compares in stability 
with clouds formed from freshly 
burned zine (5) and has approximately 
the same capacity for causing metal 
fume fever. After inhaling suspen- 

1 Supplied by the New Jersey Zine Com- 


pany, Palmerton, Pa. The analysis is as 


follows: ai 
¢ 


Fe) yg rr 0 369 
Insoluble in HCl................. 0.015 
RO er rere 0 O65 
Wen Te GR Feta cc cosccecvacecuues 0 002 
ee ee oe wee ee ee td 0 OO] 
ete eae oe oe ee es eas 0 O72 
0 er eee rrr eae 0 O13 
Water soluble SO,............... 0 001 
Water soluble salts (dried at 
eM. das 6-4 94S <4 Ab AD OKO 0 045 
Re eae oh aaa ek Ga ke 0.011 
nS. <5 oi Laeveeake nea kes under 0 001 
re er re under 0 001 
ey eer” under 0 001 
Ce te eee he eae under 0 001 
ect ee a es under 0 001 
ZnO (difference) approximately 99 400 
{educing power as SOz...........0.014 
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sions of this powder, one subject, A, 
recorded a maximum temperature of 
100.4°F., and the other, C, a maximum 
of 101.2°F. In both eases, the general 
course of the fever and its after effects 
were precisely those resulting from 
the inhalation of freshly formed 
fume (1). 

Koelsech (4) reports also cases of 

the inhalation of 
copper oxide. He 
that syinptoms 
were not similar to those caused by 


fume fever from 
finely divided 
makes it clear the 
inhaling ordinary coarse copper dusts, 
but were like those experienced by 
brass casters after inhaling zine oxide 
fume. 

Inhalation of sprays of silver, cop- 
per, zine, mereury, iron, cobalt, and 
anthnony compounds may, according 
to Iwoelsch, bring about a rise in tem- 
\loreover we now know of 
febrile 
reactions with marked prostration and 


perature, 
several instances of severe 
abdominal pain, as well as nausea and 
vomiting, from breathing fumes from 
burned cadmium (6), 

Iron, nickel, and aluminium ean be 
burned readily in the electric are. 
Irom our experience and from that of 
Koelsch, we should anticipate febrile 
reactions if the resulting fumes were 
inhaled, but the threshold dose of 
each would probably differ  con- 
siderably, 

The reason why zine oxide powder 
and other metal fume products as 
powders rarely cause the fume fever 
in the paint, rubber, and other in- 
dustries is, we believe, because they 
are often used wet and, even when 
dry, they are not easily dispersed 
and blown into the air. 
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MAGNESIUM OXIDE EXPERIMENTS 


For the experiments described in 
this paper we selected magnesium 
oxide fume. The reasons for this 
choice were several: (a) Magnesium 
occurs in the same group of the peri- 
odie table as mercury, cadmium, and 
zinc; (b) the formation of magnesium 
oxide from magnesium ribbon takes 
place with great vigor (3) and pro 
duces a fume with extremely sma! 
particles (7); (¢) magnesium Is one of 
the lightest metals known, having a 
density of 1.7, and cannot properly 
be considered a heavy metal; (// 
magnesium is found in the ash of mosi 
foods, is ordinarily considered harm- 


less, and is widely used in medicines: 
(e) magnesium oxide is_ insoluble 
except in acids. 

l'irms with experience in the use of 
flash light powders (consisting largely 
of magnesium) inform us that they 
have never noticed physiologic reac- 
tions from breathing magnesium oxide 
fume, although one firm remarked 
that it was customary to open the 
window after taking a flash light pic- 
ture in order to let out the smoke. 

There was sufficient evidence, in 
the case of zine oxide, that occasional! 
inhalations were not permanently in- 
jurious to man. In the case of mag- 
nesilum oxide, we possessed no evi- 
dence; hence, before performing any 
experiments on men, we _ subjected 
cats (8) to dense fumes made by burn- 
ing magnesium ribbons.? These ex- 
periments were made especially severe 

2The ribbon, furnished by Howe anc 
Irench, Inc., Boston, contained 0.014 per 


cent. Si0., 0.133 per cent. Fe + Al, ane 
99.853 per cent. Mg. (difference). 
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»y adding about 10 per cent. of carbon 


dioxide (9) to the air. This caused 


2 


on man, three of the subjects, A, C, and 
D, had contracted fever from breath- 


TABLE 1.—PROTOCOL OF TWO EXPERIMENTS ON INHALATION OF 
MAGNESIUM OXIDE 



































‘ AVERAGE 
ts) NCEN- | MAGNE- 
| EXPO- . chains ‘aon georogl 
DATE SUBJFCr| — SSPIRATIONS > ne pile LOGIC 
DATE | SUBJECT) curRE aaaniinnatisiies < OF MAG- | OXIDE pies ; 
| ie allan REACTION 
| Po NESIUM | INHALED 
== OXIDE 
min. per min, l. mg./cu. mM. mq. 
Experiment I 
‘ov. 8 A 4 6 27.0 9.8 16 | Yes. 
D 3 19 30.0 5.8 17 | No. 
C 2 12-15 18.0 5.8 10 | Doubtful. 
J ] 12-15 8.39 5.8 5 | No. 
Experiment II 
_— ~ : 
1 \ 9 ) 6 tor 6 min. 64.0 4.) 26 Yes 
| \12 for 3 min. 
D 7 18 70.0 4.2 29 No. 
| sii P 2 
| ee 5 17 40.0 4.2 17 Yes. 
J 3 12 34.0 4.3 15 No. 


























the animals to breathe deeply and so 
insured penetration of the magnesium 
oxide particles into the alveolar spaces. 
‘he results of these experiments, com- 
pared with the results of former animal 
experiments (8) with (a) zine oxide 
‘ume, (b) gas black, and (c) 10 per 
cent. of carbon dioxide in normal air, 
indicated that magnesium oxide would 
probably produce a fume fever in 
lian of much the same type as that 
produced by zine oxide, except that 
more severe exposures would be neces- 
sary. ‘This is a conclusion which we 
were also led to expect from the posi- 
ion of magnesium in the _ periodic 


tah] 
VAULE, 


‘n the magnesium oxide experiments 


ing zine oxide fume on several former 
occasions; the fourth subject, J, had 
also inhaled fume but not in suffi- 
cient doses to produce the fume 
fever. 

In order to generate magnesium oxide 
in our gas cabinet, we placed 30 gm. 
of magnesium ribbon about 20 cm. 
from the floor and ignited it by bunsen 
burner. A large part of the burned 
ribbon fell to the floor, but enough 
magnesium oxide was carried into 
the air to produce a comparatively 
stable cloud. Determinations of the 
suspension were made by electric 
precipitator—the precipitate titrated 
with 0.1N acids and alkalies—and 
the results checked by Tyndallmeter 
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(5). When the cloud had _ passed 
its maximum density and was gradu- 


TABLE 2.—SUBJECT A. 
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(2), slow, deep breathing is much more 


effective in producing the fever than 


CLINICAL SYMPTOMS FOLLOWING INHALATION OF 


MAGNESIUM OXIDE 



















































































" DIFFERENTIAL 
Ss LEUKOCYTE COUNT 
fess 
=, O 
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nm = 3 S 
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9:30 am. }].... | 98.5 | 7,100] 69 |23] 6] 1 1 | In normal health. 
10: 30-10: 39—inhalation of magnesium oxide. 
10:52 See f ee No taste. Slight trachea! ir- 
| ritation. 
12:15 p.m. | 1.8 | 10,850 | 63 | 31 4 I St tapes tae kere eae sees cae 
1:30 | 3.0 | 99.0 Slightly feverish, especially 
| about the eyes. 
9-00) | 3.5 | | 9,760 | 67 | 29 ) l We aeeiia kk oe se awnd tee bees 
3:25 | 4.9 | 99.1 | ee oe | Felt distinetly feverish. 
3:45 | 5.3] .... | 15,650} 77] 16] 6] Of Ld occ cece eee ee: 
4:30 0 | 06.0 7 ....45 Paw bss : ) lelt distinetly feverish. 
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ow’ a> 7 pair : 
9:30 a.m. | 235.0 . | 6,150 | 6 | 37 ) 0 | 2 | Entirely recovered. 
10:00 23.5 | 98.5 | l | eee eae ee 
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ally settling out, the four subiects 
entered Subject A sat 
down and breathed at the rate of 6 
respirations a minute for four minutes; 
subjects D, ©, and J, who remained 
standing, breathed at their normal 
rates and left the cabinet after expo- 
sures of three minutes, two minutes, 
and one minute, respectively. Al- 
though A actually inhaled less fume 
than D (Table 1), he breathed at a 
slower rate and much more deeply. 
As we have already pointed out (1) 


the cabinet. 





is normal breathing. In this instance, 
for example, we consider A’s expo- 
sure about three times more severe 
than D’s. Of the four subjects, A 
was the only one who had a positive 
reaction from the first experiment, 
although C was conscious of a malaise. 

Three days later the experiment was 
repeated, with more severe exposures, 
as shown in the second part of Table !. 
On this occasion, A’s reaction was un- 
mistakable; it is given in detail in 
Table 2 and illustrated graphically in 


J.1.H. 
May, 1927 
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Figure 1. White counts and tem- 
peratures of the other three subjects 


nesium oxide 
tendency to aggregate and are, in 


particles have less 
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Mia. 1—Subject A. 


were taken in both experiments but, 
since they were not significant, they 
are not recorded. It should be noticed 
that the leukocytosis is due mainly 
to the increase in polymorphonuciear 
eclls, Just as in the case of fever from 
zine oxide (1). 


DISCUSSION 


it is interesting to observe that sub- 
ject A’s maximum temperature and 
White count occurred about five 
or six hours after the inhalation. 
‘rom zine oxide inhalations, the maxi- 
mum reactions, if definitely febrile, 
usually oeeur in eight to twelve 
hours (1). It is noticeable that, 
under microscopic examination, mag- 


Vol, 9 


NY; 
‘Oo. O 


White blood cell count and body temperature from the data 


general, smaller (7) than those of the 
zine oxide we generated by blowing 
oxygen across the surface of boiling 
zine (1) (2). This may explain the 
difference in reaction times after in- 
halation of zine oxide and of mag- 
nesium oxide. As in the case of zine 
oxide, it is probable that more severe 
exposures to magnesium oxide would 
alter the shapes both of the tempera- 
ture and of the white cell count curves, 
especially the latter, but on this point 
we have no data. Severer exposures 
would doubtless produce severer reac- 
tions; but unless magnesium oxide 
fume should be encountered as an 
industrial hazard—and that seems 
unlikely—we see no reason for con- 
tinuing these experiments on man. 
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The purpose of the experiments 
described was to show that a freshly 
formed metal fume product (not a 
compound of a heavy metal) which is 
ordinarily considered insoluble and 
physiologically inert would, if inhaled 
in sufficient quantity, produce a febrile 
reaction and a leukocytosis analogous 
to that caused by the inhalation of 
zinc oxide fume. 


SUMMARY 


Instances of febrile reactions anal- 
ogous to those caused by breathing 
freshly generated zine oxide fume are 
The substances mentioned 
powder, 


reviewed, 
include 
(oxide?), 


zine oxide copper 


sprays of compounds of 
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silver, mercury, iron, cobalt, and anti- 
mony, and fumes from burned cad- 
mium. It is probable that the fumes 
from the burning of iron, nickel, and 
aluminium in the electric are would 
also cause the same general type of 
febrile reaction. 

It was found that the inhalation of 
mild doses of magnesium oxide (4 
fume product of a light metal) 
generated by burning magnesium rib- 
bon produces a leukocytosis and a 
fever resembling those caused by the 
heavy metals. Although magnesium 
oxide produces fume fever much less 
readily than does zine oxide, it is 
believed that severer doses than those 
taken in these experiments 
result in severer reactions. 


would 
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BASOPHILIC MATERIAL IN BENZOL POISONING: A PRELIM- 
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iC 
m N BENZOL poisoning three ab- pigeons, the action being less marked 
ge normalities have been associated in rabbits and dogs. This irritation 
‘ with the blood. These are leuko- was manifest as a mild leukocytosis. 
0 yenia (1) (2) (3), diminished platelet In some instances the red blood cell 


R ount (4), and lessened coagulability 
the blood (5). Of the three, the 
for leukopenia appears to be 
regarded as most valuable as a diag- 
ostie sign. In many industrial in- 
‘itutions having a benzol hazard, the 
posed workers are routinely tested 
or leukopenia at intervals. Absence 
a leukopenia may give a sense of 
urity that is unwarranted, for 
‘ol poisoning of severe degree, 
ther acute or chronic, may ap- 
parently oeeur without an attending 
copenia, and, in fact, in the 
escence of a leukocytosis. When ex- 

| posure to benzol 1s limited to low con- 
entrations, and at least in the early 

ves of response to higher concentra- 

US, an irritant action appears to be 

ried on blood forming tissues, par- 

arly on the erythroblastiec tissues. 

in 1907, Langlois and Desbouis (6), 

ploying small quantities of benzol 

respirable vapors, observed an 

‘ant action in guinea-pigs and 


‘heceived for publication Dec. 20, 1926. 
‘man Fellow in Research Medicine. 


ry 








counts were increased, to as much as 
33 per cent. above normal. 

Duke (4), in his platelet experi- 
ments, determined that the first few 
injections of benzol into animals 
brought about an increased number 
of platelets, followed by a rapid 
diminution. 

This irritant action was noted in one 
of the early papers on benzol poison- 
ing (1). Hamilton (7) summarizes 
Selling’s animal experiments covering 
this phase of action, as follows: 


Selling’s animal experiments had shown 
that benzene is a powerful leucotoxin, 
destroying the white cells of the circulat- 
ing blood and the parenchymal cells of 
the blood-forming organs—bone-marrow, 
spleen, lymphatic glands, and the lymph 
follicles in the appendix—the myeloid tissue 
suffering more damage than the lymphade- 
noid and the polynuclear cells more than the 
lymphocytes. The erythroblastie tissue 
of the bone-marrow is destroyed, but the 
circulating erythrocytes are injured rela- 
tively little. The pathology of benzene 
poisoning is essentially an aplastic anemia. 
No nucleated reds or abnormal reds are 
found, platelets are absent or scanty, and 
there is polymorphonuclear leucopenia. 
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Selling found that while benzene destroys 
the specific cells of the bone-marrow, caus- 
ing extreme aplasia, there is at the same 
time an irritant action, and, for a while, 
the two actions go on simultaneously. If 
the injections are stopped at a point when 
the blood-forming organs are almost wholly 
aplastic, regenerative changes begin within 
a few days and are complete in ten days 
to three weeks, the blood picture also ap- 
proaching the normal. 


Similar evidences of the stimulant 
or irritant action of benzol on blood 
forming tissues are to be found in the 
works of Rabe and Hirschland (8), of 
Weiskotten, Schwartz, and Steens- 
land (9), and in the report of the Com- 
mittee on Benzol of the National 
Safety Council (10). 

During the period (1912 to 1913) 
in which benzol was utilized thera- 
peutically in leukemia, many reliable 
reports indicate a marked leukotoxie 
action for benzol associated with an 
increased count of red blood cells. 

This irritant action has been in- 
vestigated by us in the quest for simple 
laboratory procedures aiding the rec- 
ognition of early benzol intoxication. 

The red blood cells (erythrocytes) 
formed in bone marrow are normally 
thrust into the circulation when they 
become mature. Under 
eonditions in which the body has 
need for an increased number of red 
cells, e.g., in anemia, or when the bone 
marrow is irritated by some toxic 
substance, immature red cells may be 
thrown into the blood stream from 
the bone marrow. Immature red cells 
may enter the blood stream in lead 
poisoning (11) as the result of ir- 
ritation of the bone marrow by the 
lead. In primary anemias (12), these 
immature cells serve as a_ possible 
index for prognosis and a _ possible 


essentially 
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guide for transfusions. In the new- 
born (138), the number of these im- 
mature cells found in the blood stream 
is high. 

There are many acceptable evi- 
dences of immaturity, ranging from 
the nucleated red cells to the Isaacs 
body (14), which is apparently lost 
as a last step prior to maturity. 
Between these extremes, a stage occurs 
in which all or a large number of the 
forming red cells contain basophilic 
material. This type of cell has been 
extensively studied by Key (15) under 
the designation ‘reticulated cells.” 
McCord, Minster, and Rehm (11) 
have used the presence of these cells 
as evidence of imminent lead poison- 
ing. In lead workers without clinical 
evidence of lead poisoning, basophilic 
material in a form termed by these 
investigators “basophilic aggrega- 
tions’ is frequently present. Such 
basophilic aggregations precede clini- 
eal lead poisoning and, when detected, 
permit anti-lead treatment prior to 
disability. It is probable that poly- 
chromatophilic cells are closely re- 


lated to reticulated cells and- to 
basophilic aggregations. Pasophilic 
material in red cells is commonly 


regarded as evidence of regeneration. 

If benzol serves as an irritant to 
those tissues forming the red cells, 
we may expect to find, under condi- 
tions of exposure to benzol, immature 
cells containing basophilic materia! 
in the blood stream in numbers ex- 
ceeding normal. 


Metuops OF ESTABLISHING PRESENCE 
oF BasopHiLtic MATERIAL 
Three technical procedures have 
been utilized in this work: (a) enu- 
meration of red cells containing bas0- 
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shilic material; (b) basophilic aggre- 
sation test; (c) Wright’s stain for 
ni \lychromatophilic cells. 


Enumeration of Red Cells Containing 
Basophilic Material 


After cleansing the finger or the 
ear of the subject in the usual manner, 
and pricking, blood was drawn into 
the leukocyte tube of any good 
haemacytometer up to .5. Brillant 
cresyl blue solution (0.25 per cent.) 
in normal saline solution was then 
drawn in until the mixture of blood 
and stain reached point 11 on the 
counting tube. The tube was shaken 
for about three minutes; then a drop 
was expressed on the ruled counting 
slide. With a DD Zeiss high dry 
lens, counts and computations were 
made as for leukocytes, the figure 
derived representing the total number 
of basophilic red cells per cubie milli- 
meter. By this method the cells 
containing basophilic material in per- 
sons apparently healthy are usually 
elow 1,000 cells per cubic millimeter. 

in the literature on this subject the 
majority of counts of basophilic red 
cells have been made from stained 
side preparations. In such a_ pro- 
cedure 1,000 red cells are usually 
counted and the number of reticu- 
lated red cells within this number 
noted. Eight to ten such cells, per 
thousand red blood cells, are fre- 
quently regarded as representing nor- 
ial numbers for apparently healthy 
persons. By extension of these fig- 
ures 1t would appear that in 1 ¢e.mm. 
ol blood from a person having 
),000,000 red cells, there would be 
‘ound 50,000 basophilic red cells. In 
our own hands this method has not 
Proved entirely dependable. Differ- 
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ent slide preparations made from the 
same patient at the same time have 
shown counts so varying as to be 
represented in the ratio of 1:4. 

Cupp (16) has shown that through 
the action of certain chemicals all 
red blood corpuscles may be made to 
present reticulation, although it is 
not clear that this form of reticulation 
is the same as or is related to the 
basophilic reticulation frequently as- 
sociated with anemias and with certain 
occupational diseases occurring with- 
out anemias. He concludes from his 
investigation of the structure of the 
erythrocytes of human beings and of 
other animal forms that the mam- 
malianerythrocyte “normally possesses 
a framework in the form of a fine 
threaded, somewhat elastic reticulum 
in the meshes of which its hemoglobin 
is supported so intimately that its 
content partakes of the physical char- 
acters of gelatin;’ and that the normal 
erythrocyte possesses a_ peripheral 
membrane ‘‘which is derived from and 
consists of a peripheral condensation 
or massing of the reticulum.” Cupp 
states, with reference to the chemical 
character of erythrocytic reticulation, 
that his preparations seemed “‘to 
support the conclusion that the struc- 
tures observed are not artefact, that 
the corpuscle is pervaded by a true 
reticulum, a network of threads Joining 
each other and extending in all the 
planes of space;”’ he believes that the 
chemical composition may be that of a 
“nucleo-proteid”’ or cholesterin. 

As a requisite for the observation 
of Cupp’s normal reticulation it is 
necessary that the hemoglobin of the 
red blood cells be dissolved or other- 
wise caused to disappear. Some of 
the procedures utilized in studies of 
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basophilic reticulation lead to hemoly- 
sis of the red blood cells and thus may 
bring into visibility this possible, 
different form of reticulation described 
by Cupp. When, in the study of 
basophilic reticulation, erythrocytes 
are laked, a form of reticulation may 
be observed which is very closely 
similar to that described by Cupp. 
This form of reticulation is not ob- 
served when vital staining is carried 
out without demonstrable hemolysis. 
It is possible, therefore, that the 
marked discrepancies that have been 
obtained in different investigations of 
reticulated cells in human beings may 
in part be due to the inclusion, in 
reticular enumerations, of some cells 
showing Cupp’s form of reticulation 
which have been brought into visibil- 
ity through hemolysis. 

When blood is spread out on slides, 
as in the preparation of blood smears, 
some hemolysis probably always takes 
place. This favors the development 
of reticulation; at any rate, reticulated 
cells in such preparations present a 
more clearly defined reticulation, with 
a wider distribution of reticulate 
material in the cell than is the case 
when vital stains are applied to cells 
within pipettes. When, 
therefore, we accept 1,000 basophilic 
red cells as representing the normal 
for apparently healthy persons, ac- 
cording to our method of enumeration, 
it is not our purpose at this time to 
deny that other methods may yield a 
higher count for reticulated red cells. 

Friedlander and Wiedemer (13), 
using the polychrome methylene blue 
method, found in the new-born such 
counts of basophilic red cells as 18,000, 
16,400, and 17,000 per cubic milli- 
meter. After birth, the corresponding 


counting 
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counts were 250, 10, and 10 such cells 
per cubic millimeter, on the eleventh, 
ninth, and ninth days, respectively. 
The highest count (28,400) reported 
by these authors and interpreted by 
them as representing basophilic red 
cells markedly increased over normal, 
for adults, is approximately one-half 
the figure (50,000) frequently sug- 
gested as representing the normal 
number of reticulated cells per cubic 
millimeter for human beings. These 
differences may perhaps be reconciled 
in part through the recognition of two 
types of reticulation, basophilic retic- 
ulation and Cupp’s reticulation. 

Later in this paper we include data 
showing blood counts obtained from 
benzol workers who were not suffering 
from benzol poisoning, in order to 
indicate the range of basophilic red 
cell counts for a person apparently 
healthy. 


Basophilic Aggregation Test 


The simple method used by 
MeCord, Minster, and Rehm (1! 
in testing for imminent lead poisoning 
or lead absorption permits the col- 
lection of large numbers of_ blood 
specimens in the benzol workroom 
without difficulty, and without the 
necessity for any apparatus. In this 
procedure a blood smear, approx! 
mately three times the thickness o! 
that in common use for differential 
counts, 1s made on a glass slide. 
This smear is unfixed and is air dried. 
Staining is secured by adilute aqueous, 
acidulated methylene blue or by hypo- 
tonic saline methylene blue or through 
the use of dilute Manson’s methy!len 
blue. Staining is carried out for ten 
minutes. Overstaining does not occur 
The excess stain is dashed off and th’ 
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slide is dipped in distilled water as few 
times aS are necessary to remove the 
remaining stain. The slide is allowed 
‘o dry in air. Examination is made 
with an oil immersion lens, without 
any eover slip. 

\licroscopic examination presents 
‘he usual red cells as only faint 


shadows, except for the periphery 


which may be distinct. The white 
lls stain deeply and the various 
types may be differentiated. If there 
are red cells containing basophilic 


l 


nat erial, 


this material stands out 


sharply as coarse granules or as com- 
bined granules and network. This 
staining method appears to bring into 


basophilie 
chromatophilie cells. 

[i the blood smears so stained are of 
ipproximately the same thickness, a 
counting, for several fields, of the celis 
showing basophilie aggregation affords 
a rough quantitative estimation as to 
ie excess over normal. The normal 
erson may, by this method, show only 
ne or two basophilic red cells in an 


? 


reater visibility the very diffuse 


= 


material seen in poly- 


entire slide, while in lead poisoning 


ry microscopic field may present 
or more basophilic red cells. 
Since some hemolysis of the red 


produced. 


ells takes place, the reticular forms 
described 


by Cupp (16) may be 
lor this reason this slide 


method is not highly regarded as a 


precise method for basophilic red 
ell enumeration. 


wghts Stain for Polychromatophilic 


Cells 


varly in this study we depended on 
© presence of polychromatophilia for 


cells, 


“vidence of basophilic material in the 


It is our experience that 
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wherever polychromatophilic cells are 
present other slide preparations will 
reveal equal or greater numbers of 
basophilic reticulated cells. There are 
some reasons to believe that the finely 
distributed granules which are com- 
mon to polychromatophilia constitute 
the basic state of basophilic substance 
in red cells, and that basophilic retic- 
ulated cells, basophilic aggregations, 
mossy cells, punctate stippling, ete., 
are but different artefacts due to 
chemical manipulation. In an early 
series of cases of benzol poisoning in 
women, in which enumerations of 
basophilic reticulated cells were not 
made, we accepted well-defined poly- 
chromatophilia as some evidence of 
basophilic substance in the blood. 


IeXPERIMENTS WITH ANIMALS 
Group 1. Rabbits 


Control Rabbits —Twelve rabbits 
beheved to be normal, varying as to 
age, sex, weight, ete., were tested in 
order to determine the approximate 
normal count of basophilic reticulated 
cells. The counts resulting are re- 
corded below: 


Basophilic 
Rabbit Red Cells! 

per c.mm, 
Daly ciee ear eeaed ethene cies 21,000 
cdetesesaneck sao Re eeu eee 56,000 
en ae re .... OL,000 
Pe eee er er ee 48 O00 
Salus ered Gace he Ra eareae Tas aes 11,800 
Err ee Terr ree rer 8S, O00 
POET TE See Oe eee e Ter eee 68 O00 
auc Gp aecek asIee eee eek ae ae 9, OOO 
Viele aes cee eee ee een ... 20,000 
re err 26,000 
er ear ere eee 14,000 
Pt Mavara sasha eae es ... 18,000 


1 These figures are the average of several 
counts in each instance. 
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From these figures it appears that the 
reticulated cell count for rabbits, ap- 
parently normal, shows wide varia- 
tion. So long as these animals remain 
normal, however, the individual retic- 
ulated count remains approximately 
the same. The counts obtained on 
nine successive days for a given rabbit, 
for example, are as follows: 


Basophilic 
Day Red Cells 

per C.mm, 
Oe eee ee re ere er eee 34,800 
DE rien texewtas ene dae kben eens 32,200 
Re ee err ry er 30,000 
EP Coney re ere rere 36 , 200 
a eu nhs a kook ve Se ck 34,600 
err ee ry 34,000 
a ee eee Cee e Or 32,800 
i oy cane ee caps eees euay eran 36,000 
ee ee eae ore 36 , 400 

The red blood cell count for this 


rabbit was 5,200,000. 

Rabbits Treated with Benzol.—Pure 
benzol was used for inhalations. The 
amount used was sufficient (10 to 15 
c.c.) to nareotize the rabbit for about 
ten minutes. Inhalations were given 
in a small, tightly enclosed metal 
eage. Prior to exposure, blood counts 
were made daily for seven days in order 
to determine norms. 

Raspir 1.—Weight 1,725 gm. Before 
exposure to benzol, average blood counts 
were as follows: 


per ¢.mm, 
Red blood cells............. 5,540,000 
White blood cells............ 7,800 
Basophiliec red cells......... 14,200 


Inhalations of benzol were given each day 
for ninety days, but after the fourteenth 
day, an additional inhalation was given on 
alternate days. When inhalations were 
limited to one daily, the basophilic red 
cell count dropped to 6,000. On increasing 
the amount of benzol inhaled (fourteenth 
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day), basophilic red cell counts rose rapidly, 
as follows: 





Day after Basophilic 
Inhalation Red Cells 

per c.mm, 
er a eee ee re re eee 14,200 
Tees oe duane dk +a bree eee 6,000 
RP ere ree ree ree ere 40 000 
FUR EOS Ry an hee ae 01,000 
I a ee ee 48 000 
Te tinh ck TREO Kees LEE bea 62 , 000 
TE sag doa su X 0 Oe e ack We eb aaa 78,000 
a a tS ae ise ee weeks MEET 91,000 
I sods weie tc ee aE-Puwe eek 88 000 
DE Sx tasWhGbnies cease ¥eb bee 90 000 


On the ninetieth day the red blood cell 
count was 5,120,000. 

Raspit 2.—Weight 1,650 gm. Prelim- 
inary testing established average }lood 
counts as follows: 





per c.mm., 
Red blood ecells............. 6,040,000 
Basophilic red cells......... 53, 000 


Inhalations, as described for Rabbit 1, 
continuing for ninety-three days, were re- 
sponsible for basophilic red cell counts as 
follows: 


Day after Basophilic 
Inhalation Red Cells 

per C.rin. 
ee ere 53, 000 
PC e oe VS LaLaacaea Renesas 65,000 
ML OS aes se ctkaernkaaeee ones 80,000 
A cowetneuheeerelenees eens 120 , 000 
ay oe eee aaa vn ese eas 126, 000 
aia ea as aaa ales alae ca ee 180,000 
Mh cc 6i6 eeu anedeeanekaw ase 190 , 000 
| Per or eee rere eT er 182 000 
ee eee ern 172 , O00 


At no time did the red blood cell count 
vary appreciably, the count being 5,760,0U" 
at the end of the experiment. 

Raspit 3.—Weight 1,800 gm. Prelim 
nary testing established average blood 
counts as follows: 


per cC.mim. 


ROG DIOOE COLB.......sssc00s 5, 560, 000 
Basophilie red cells......... 42 ,000 


Inhalations, as described for Rabbit }, 


J.I.H 
May, 1927 








0 
0 
0 
\) 
)) 
) 


1) 
{) 


VC) 
ae) 
0 
OU 
NO 
ue 
D0 
D0 
0 


yunt 
000 


+ 








BASOPHILIC MATERIAL 


eontinuing for 100 days, brought about the 
‘ollowing basophilic red cell counts: 


Day after Basophilic 
Inhalation Red Cells 
per c.mm. 

ES oo sais sleigh a kee 42 000 
a. se udi peea aoe aacuas vate 40,000 
ee  beuebes 4ehaahaeneeunuen 92 ,000 
a CLT sree seed ree cous 102,000 
nin at er at 2 Te Dare oe 188 ,000 
ee olla nei a 209 ,000 
et et eee ue tae. cn 198,000 
REED Dr ee ore arr g trea 182,000 
Se dio aw eae bk eae 186,000 


No marked changes occurred in the red 
blood cell count throughout the experiment, 
the count being 5,480,000 on the ninety- 
seventh day. 


Since the rabbit normally has so 
many basophilic red cells, and be- 
cause in the rabbit these are so 
subject to variations, it was deemed 
advisable to supplement the results 
of our experiments with rabbits by 
experiments with other animals. 


Group 2. Cats 


light eats were tested in order to 
determine the normal number of 
basophilic red cells. The greatest 
number of such cells found was 200. 

liesults of experiments on two of 
the cats treated with benzol are as 
follows: 

Car 1.—Approximate weight 2,000 gm. 
\dministration of 3 ¢.e. of benzol subcu- 


taneously, every other day for thirty-seven 


, produced the following results: 


Basophilic 

Date Red cells 
per c.mm, 

lune 14, 1926 (start)............. none 
Teer Pere T er eT ere 200 
OT ee ee eee 400 
ee rr rr 2,000 
rr ee a re 2,400 

EP re eT ee ere 3,800 
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Basophilic 
Date Red Cells 
per c.mm., 
SE Moos inieesecenveaseusasen 3,200 
W Mee cede ereeeucncureseuens 2,800 


The red blood cell count remained essen- 
tially the same throughout the experiment. 

Cat 2.—Approximate weight 1,500 gm. 
Administration of 3 ¢.c. of benzol sub- 
cutaneously, every other day for thirty- 
one days, produced the following results: 


Basophilic 

Date Red Cells 
per c.mm, 

June 10, 1926 (start)............. none 
SP 6 Daddario eehe eee Bo 800 
a PER Orer sere re TT Te. 2,000 
© SE uke an can k sieves ae On 1,400 
DMs bbndeds as eee ee eee 3,600 
o MG puky eave ena Eee e eh eee 3,800 
Matin nnerewe eve «4% ae tune: ae 
ee ere ay ere 4,200 
Mh vee oe ckeved san ere keer 4,000 


The red blood cell count remained es- 
sentially the same throughout the ex- 
periment. 


Group 3. Guinea-Pigs 


Results of experiments on three 
guinea-pigs are here given: 


Pia R. G.—Approximate weight 250 
gm. Administration of } c.c. of benzol 
subcutaneously, every other day for 
twenty-six days, produced the following 
results: 


Basophilic 

Date Red Cells 
per c. mm, 

Nov. 25, 1925 (start)........ ... none 
i Me cvchinnces enue nieces les 1,000 
a ne re ere rr 5,000 
- sca iia au ae ea kee 1,600 
dee ara ry aren ener are 12,000 
gh FETT E COT ETT PT TTT 9 000 
i PP err re re a re 11,000 
| SO ee rr ee 14,000 


Pig W. G.—Approximate weight 250 
gm. Daily inhalations of benzol were 
given for twenty-six days and produced the 
following results: 


— 
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Basophilic 

Date Red Cells 

per c.mm., 

Nov. 30, 1925 (start)............ mone 

A See eee reer 4,800 

a Sere rh rer ee 2,200 

PM aaa wee Rn Soave ee 1,600 

ae Ser rr ee re eee 1,600 

ieee Re ry ee hee 8,000 

a Ges e a 14,000 

% VW. éi ab eiae Kb esRCEReoes 15,000 

Ws anes adder kowee suakees 18,600 
Pia (tuberculous).—Approximate weight 
250 gm. This pig had definite tuberculous 
glands. It was given 4 c¢c.c. of benzol 


subeutaneously, every other day for sev- 
enteen days, with the following results: 


Basophilic 
Red Cells 


per c.mm., 


Date 


June 28, 1926 (start)........... 12,800 
= cus Sade 5 eae eae ke 20,000 
a eer eer er 21,800 
i | rere were re rar eee 20,000 
ee aS eee eee earate ko 29 000 


Irom the results of the foregoing 
experiments, we conclude that the 
administration of pure benzol through 
inhalations, and through subcutaneous 
injections, leads to numbers of baso- 
philic red cells far in excess of normal 
for the animals so treated. 


Relation between High Basophilic Red 
Cell Counts and Regeneration 


of Red Blood Cells 


Since some questions may arise as 
to the relation between high basophilic 
red cell counts and regeneration of 
blood cells, two rabbits were subjected 
studied in 
relation to basophilic red cell and red 
cell counts. 


to bleeding, and were 


Rappir 1B.—Approximate weight 1,480 
gm. Average blood counts taken for three 
days before the experiment began estab- 
lished the following: 
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per c. mm, 


Red blood cells............. 5,520,000 
29,000 


The data for bleeding experiments on this 
animal are given in Table 1. 

Rapspit 2B.—Approximate weight 676 
gm. Average blood counts taken for seven 
days before beginning the experiment es- 
tablished the following: 


per c.mm, 
Red blood cells............. 5,120,000 
Basophilic red cells......... 29 , 000 





The data for bleeding experiments on this 
animal are given in Table 2. 


CLINICAL STUDIES 


The experiences here presented fol- 
low the order in which methods used 
for establishing the presence of baso- 
philic material were described. 


Experience 1 


In a plant producing enameled 
leather, forty workers are exposed to 
the vapors of benzol and to direct 
contact with benzol through splash- 


ings on the hands and _ forearms. 
There is no. artificial ventilation. 
About 300 pounds of benzol ar 


evaporated hourly in two rooms which 
at times are superheated in order to 
favor evaporation. At time, 

single test, by the nitration method, 
showed 1,110 parts of 
million parts of air. Those persons 
painting hides by hand _ horizontally 
are grossly exposed to lacquers con- 
taining from 30 to 60 per cent. ol 
benzol. 


tion have arisen in this plant thoug! 
ng 


one 


benzol per 


No eases of benzol intoxica- 


conditions invited its occurrence. 
hazard has existed in this plant 
about eight years. 

It was deemed desirable to test this 
group of apparently nonsuscept!)) 


workers. The blood counts are show! 


5 
May, 1927 





0 
)0 


this 


670 
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TABLE 1.—DATA SHOWING RELATION BETWEEN HIGH BASOPHILIC 
COUNTS AND REGENERATION OF RED BLOOD CELLS IN 
BLEEDING EXPERIMENTS ON RABBIT 1B 








DATE 


RED BLOOD 
CELLS 


BASOPHILIC 
RED CELLS 





Dec. 


lan. 


19, 1925 


20 


bo bo 
eas 


bo 


DA 
26 
29 


3, 1926 








At 3 p.m. 36 ¢.c. of blood drawn from 


heart. 
At 9 p.m. count taken....... 
At 10 a.m. 20 e.e. of blood drawn 
from heart. 
At 3 p.m. count taken....... 


At 9 p.m. 20 ¢.c. of blood drawn 


from heart. 
Rabbit gave birth to 6 young; all 
ee 





per c.mm. 


3,640,000 
3,240,000 


1,320,000 


760,000 


, 960 , O00 
, O80, 000 
,920 , 000 
, 960,000 
,O80 000 


wn 


HH CO 





per c.mm, 


11,600 
19, 400 


25,600 


20 , 400 


92 , 800 
90 , O00 
108 , O00 
140,000 
93 , 120 


BLE 2.—DATA SHOWING RELATION BETWEEN HIGH BASOPHILIC COUNTS 
AND REGENERATION OF RED BLOOD CELLS IN BLEEDING 
EXPERIMENTS ON RABBIT 2B 





n. 16, 1926 


~~ 


— 


At 10 a.m. 25 e.c. of blood drawn 
from heart. 

At 7 p.m. count taken 

About 20 ¢.c. of blood drawn. 


| ce ‘ 7 
able 5. In these apparently non- 
‘ptible workers, where scant leuko- 


action is noted, there is also 
irritant action as evidenced in 
ilic red cell counts. 


, 


et 
yt} 


RED BLOOD 
CELLS 


je , C.7tim. 


to 
oO 
— 
-- 
— 
— 


O00 


2.169.000 
2,769,000 
3,200,000 
3,449 000 
3,969,000 
3,720,000 
4,320,000 
4.480.000 


Kaperience 





BASOPHILIC 
RED CELLS 


per c.mm., 


39, 400 


92,000 

70, S00 
104,000 
120 O00 
159.090 
204 000 
180,000 
162,000 


y 


_ 


In a certain factory, spray painting 
of metal cabinets was carried out, 
without using benzol. 


There came a 
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time when the process was changed to 
include benzol as a solvent. The 
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H., a man aged 24, engaged in spraying 


paint for some time, had never suffered 


TABLE 3.—DATA SHOWING BLOOD COUNTS OF THIRTY-THREE APPARENTLY 


NONSUSCEPTIBLE WORKERS EXPOSED TO BENZOL 











| LENGTH OF | 


| 
| WHITE BLOOD | RED BLOOD 


BASOPHILIc 








WERER | EMPLOYMENT | AE OGLAI EEN | CELLS | CELLS RED CELLS 
| | % | per c.mm. | per c.mm, | per c.mm. 
F.B. | 3yrs. | 90 | 6,800 5,040,000 | 800 
W. Kk | S8yrs. | 80 | 10,400 4,440,000 | = 2, 400 
J. H. | 2mos. | 90 | 9,400 5,132,000 | 400 
W.H. | 6 mos. | 85 | 7,200 4,520,000 | 200 
ob. +. | 9 mos. | 85 | 8, 800 4,640,000 | bees 
E. B. 3wks. | 90 | 10,800 | 4,940,000 | 400 
E. C, Smos. | 90 | 9,800 | 5,360,000 | 200 
4.G. | Ilyrs. | 90 | 7,800 | 5,640,000 | 400 
iF. G | Tmos. | 95 10,200 | 5,240,000 | Si, 
G.N | Ilyrs. | 85 | 7,400 | 5,320,000 200 
w.C | 7 yrs. | 85 9, 400 4,960,000 © 1,800 
K.M. | 38mos. | 90 10, 400 4,880,000 200 
G. M. | 26 yrs. 90 13,600 | 4,920,000 | 3,400 
A. A, | 4 yrs. 80 7,690 | 4,600,000 | ..... 
A.V. 4 wks. 79 6, 800 4,369,000 600 
G.G. | 31 yrs. 85 8,200 4,400,000 800 
M. H. 25 yrs 80 6 , 690 4,240,000 600 
W.S. 12 yrs. 90 7,800 5,160,000 600 
F. W. 7yrs. | 80 9,800 | 4,480,000 | 400) 
~ 26 yrs. 80 6,800 4,320,000 | 200 
G.S. 5 yrs. 80 8,200 | 4,840,000 | 400 
KE. V. 4 mos 90 9,400 | 4,600,000 600 
D. H. 3 yrs. 80 7,200 4,400,000 | 200 
C. L. 18 yrs 80 6,800 | 4,320,000 | 1,600 
S. M. | 18 yrs 85 8,200 | 4,560,000 ..... 
J. W. | l yr. 80 | 9,800 | 4,480,000 600 
5. %, 8 yrs. 80 | 8,800 | 4,360,000 400 
M. P. 24 yrs. 90 | 6,800 4,520,000 | 600 
R. Q. 4 yrs. 80 | 7,000 4,640,000 | 200 
S.D. l0 yrs. 85 | 6, 600 4,680,000 | 400 
P. HL Syrs. | 80 6,200 5,200,000 | 200 
N.F. 23 yrs. | 75 6,400 | 4,040,000 | 200 
ALR. 10 yrs. | 80 10,600 400 


4,680,000 | 





inadequate booths were not bettered, 
however, to meet the increased hazard. 
Ten days after the new process was 
instituted, a night sprayer fell un- 
conscious. Some details of his case 
are here noted: 








from any occupational disease until he 
was changed to spraying a new kind of pain! 
containing benzol and various acetates 
He was overcome by fumes on Nov. 2, 
1924. On the following day he developed 


. ° wert} 
some nausea and fainting attacks, wt 
tachycardia, epistaxis, conjunctivitis an¢ 
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ying »haryngitis, and, later, severe bronchitis, 

red with marked inflammation of all of the 
aecessory nasal sinuses. 

rLY Rlood Examination.—Examination of the 


slood on Dee. 10, 1924, showed: 


per c.mm, 


. Red blood cells............. 4,770,000 
— White blood cells............. 138,000 
M per cent. 
[Te moglobin TWETTLE TEC ee 90.0 

ifferential leukocyte count: 
Polymorphonuclears............ 78.7 
Small mononuclears............ 11.0 
Large mononuclears............ 3.1 
TOP cur ikieaseieiaw ee 
ee 1.2 


<mear taken for basophilic red cells showed 
hasophilia of 4 plus (7.e., 4cells containing 
sophilie aggregations in approximately 
very microscopic field (11)). 
Urinalysis.—Examination of the urine 
showed: specifie gravity, 1.032; reaction, 
wid; color, clear light yellow; albumin, 
race; sugar, negative; acetone and diacetic 
d, negative; oecult blood and enormous 
number of white blood cells present. 


In this ease of benzol poisoning 
with a leukoeytosis, the basophilic 


iwgregation test was of value. 
Haperience 3 


in still another factory the process 
involving benzol was the spray paint- 
ing Of small metal novelties. This 
Was carried on in booths measuring 
about 3 by 4 feet. These were not 
well constructed, but no benzol poison- 
ig occurred among the young women 
who were doing the spraying until an 
order came through which involved 


17 
il 


tos, ‘he spraying of large parts, approxi- 
25, mately the size of a writing desk. 
me Since the booths were too small, 
ad ‘Praying was done in the open room 
7 ‘hout any protection. At the end 
H 


of ten days eight women presented 
evidence of benzol poisoning. Three 
were bleeding; one from the respira- 
tory tract, two from the uterus. In 
the blood counts listed below for these 
eight cases, evidence of irritation is 
limited to the finding of well-estab- 
lished polychromatophilia and = nu- 
cleated red cellsinsevencases. ‘These 
cases were the initiating factors in our 
study of basophilic material in benzol 
poisoning. The leukopenia and the 
lengthened clotting time are note- 
worthy. 


Cass 1—E. O., female, aged 19 years, 
entered employment as spray painter in 
work involving exposure to lLenzol, on 
Sept. 17, 1925. For about one week prior 
to Oct. 16, 1925, exposure was increased 
through the fact that spraying was carried 
on in an open room, because the booths were 
too small to accommodate the work. On 
Oct. 16, 1925, the patient began to bleed 
from the uterus, although the menstrual 
period was not due. The bleeding was 
associated with a marked weakness. 

Blood Examination. —On the 18th of 
October, laboratory examination of the 
blood revealed: 


per c.mm., 


Red blood cells............. 3,240,000 
White blood cells............. 6, 200 
per cent. 
I inne cetak een bee beeen 60 
Differential leukocyte count: 
Polymorphonuclears.............. 69 
Small mononuclears.............. 22 
Large mononuclears... 
RUMIUGOEE, ccisisotccsctcevcsce @ 
EE ind reach ovneeseanasoren l 
IG ci tecisnttesneenerectae 


Clotting time was five and one-half minutes. 
Nucleated red cells were found, together 
with polychromatophilia. 

On Oct. 20, 1925, this patient’s blood 
count was again taken and revealed the 
following: 


ee ee 
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per c.mm, 
Red blood eells............. 3,520,000 
White blood cells. ........... 5,600 


per cent. 


PR rads pase be eeksreenees 65 

Differential leukocyte count: 
Polymorphonuclears.............. 67 
Small mononuclears.............. 23 
Large mononuclears.............. 8 
cio) 
EOP Te TTT er er re 0 


Nucleated red cells were found, together 
with polychromatophilia. 

The severity of this condition did not 
increase, and by the latter part of No- 
vember, the patient was certified for work 
that did not involve exposure to benzol. 

Cask 2.—N. L., female, aged 35 years, 
entered employment in the spray painting 
department in April, 1924, and was fore- 
lady, in the middle of October, when the 
spray painting was carried on in an open 
without protection. The patient’s 
abnormal condition started on Oct. 12, 
1925. On Oct. 18, 1925, she complained of 
respiratory distress, gastric irritation, and 


room 


loss of appetite. 
Blood Examination.—Examination of the 
blood on Oetober 18 revealed: 


pe rC.pien. 


Red blood ecells............. 3,280,000 
Vhite blood eells............ 3.800 


per cent. 


ON 60 

Differential leukocyte count: 
Polymorphonuclears.............. 62 
Small mononuclears.............. 29 
Large mononuclears.............. 9 
py 
eosinophils TErrererr eee ee eee l 

Clotting time was nine minutes. Nucle- 


ated red cells were present, together with 
polychromatophilia., 

On Oct. 20, 1925, this patient’s blood 
count Was again taken, and revealed: 


per c.mm, 
3,320,000 
6, 600 


Red blood cells. ............ 
White blood cells............ 


per cent. 
Se err re re ee 
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per cent 


Differential leukocyte count: 


Polymorphonuclears............. 67.3 
Small mononuclears............. 23.4 
Large mononuclears............. 6.] 
ic iketexesrnsec reas: 2.0 
I eT ere 1.0 
Nucleated red cells were found, tog: ther 
with polychromatophilia. 
Notwithstanding our advice to this 
patient as to the probable severity of her 
condition, she immediately returned to the 


same work. 
recovered completely. 


Case 3.—L. D., female, aged 31 year 


began work as spray painter in Septem! 
1925. About one week prior to Oct. 
1925, the exposure to benzol was increa 


through the fact that the spray paint: 


was carried on in an open room with 
protection. 
was examined. 
plaints. 

Blood Examination.—The 
revealed definite findings: 


blood ¢ 


She had no definite ¢o) 


We are advised that she has 


is, 


» 


t 
Is 
~F 


no 


Allg 


y 


On Oct. 18, 1925, the patier 


MWe 


per c.min, 


Red blood cells........ 3, 400 , 000 
White blood cells............ 3, 200 

per cent. 
CCC EE TTT CPE TE Tere 60 


Differential leukocyte count: 


Polymorphonuclears.............. 60 


Small mononuclears...........,.. 9 
Large mononuclears...... 
Transitionals.......... 

SII, 5 is reehonwewaseaxces 


Nucleated red cells were found, toget! 


with polychromatophilia. 
On Oct. 20, 1925, the blood count 
again taken, and revealed: 


per c. 
ted blood cells.............. 38,360,000 
White blood cells............ 3,4 
per cor 
ON. 5 acide sven veruniacceds 6.) 
Differential leukocyte count: 
Polymorphonuclears.............05-" 
Small mononuclears... ! 
Large mononuclears............. / 
SIMRAIRIOUIED, 6c cccccccccwacssccs SF 
| rr ree L 


17 
Ya 











cent 


67.3 
23.4 
6.] 


*) 


“.U 


1.0 


1a ther 


of her 








‘yeleated red cells were found, together 
h polychromatophilia. 

After one week’s absence, this patient 
returned to the same work. 

Case 4.—L. H., female, aged 23 years, 
began work March 1, 1925, as spray painter. 
Two or three days prior to Oct. 138, 1925, 
the exposure to benzol was increased through 
the faet that spray painting was carried on 
‘) an open room without protection. On 

13, 1925, the patient developed an 
‘dominal pain in the stomach region, 
shortness of breath, sore throat, dizziness, 
nitting up of blood (about 3 cupful), fre- 
cuent urination, ete. 

Blood Examination.—This patient’s blood 
was examined on October 18, and revealed: 


’ 


Wii 


per c.mm, 


Red blood GOUB. ...siccceevs 4, 040,000 
White blood GG1I8......sscse 6, 400 
per cent. 
NN ioc vee keds RD 9 4 70 
Differential leukocyte count: 
Polymorphonuclears.............. 77 
Small mononuclears.............. 20 
Large mononuclears.............. 3 
PINE, 56.3555 c0e0de00000%? 0 
OMONIEES .44400cdaeeeaecaiaess 0 


Clotting time was three minutes. 
On Oct. 20, 1925, this patient’s blood was 
rain examined, and reveaied: 


per c.mm. 


Red blood cells ere ee es ee ee 4, 120,000 
White blood cells............ 6,500 
per cent, 
SE os esa ceeeneee das 70 
Jiflerential leukocyte count: 
Polymorphonucelears.............. 60 
Small mononuclears.............. 27 
Large mononuclears..............- 11 
WEI So iccvsrsacsaseevese OB 
PUNE A xaegsndceenaneeads 1 


‘his patient was disabled for about one 
then resumed work in another 
cupation, 
d.—kE. E., female, aged 40 years, 
n work as a spray painter July 7, 1924. 
s patient’s disability apparently began 
r to the time of increase in exposure to 
| owing to the fact that spray painting 
carried onintheopenroom. On Oct. 4, 
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1925, the patient developed abdominal pain, 
dizziness, nausea. No other symptoms 
developed. 

Blood Examination.—Blood count was 
made on October 18, which showed the 
following: 


per c.mm. 


Red blood cells............. 3,440,000 
White blood cells............ 4,200 
per cent. 
sas cans seeineeee eens 55 
Differential leukocyte count: 
Polymorphonuclears.............. 66 
Small mononuclears.............. 25 
Large mononuclears....... 
EIT ci dents ksixaicaceass @ 
eee re rere 1 


Nucleated red cells were found, together 
with polychromatophilia. 

On Oct. 20, 1925, this patient’s blood 
count was again taken, as follows: 


per c.mm, 


Red blood eells............. 3,680,000 
White blood cells............ 4 800 
per cent. 
SE TE Se re 60 
Differential leukocyte count: 
Polymorphonuclears............ 68.6 
Small mononuclears............ 23.2 
Large mononuclears............. 5.1 
BOO ic scevanscuvscavness BAe 
DE, Kine cetkeansepereees 1.0 


Nucleated red cells were found, together 
with polychromatophilia. 

This patient lost about one week from 
her work and completely recovered. 

Cases 6, 7, 8.—Three other women fromm 
the same factory submitted to blood counts. 

Blood Examination.—Blood counts pre- 
sented findings as follows: 


(Case 6.) per c.mm., 
Red blood cells.............. 4,020,000 
White blood cells............ 3,800 
per cent, 
sedi tank seas es ekees R5 
Differential leukocyte count: 
Polymorphonuclears.............. 67 
Small mononuclears.............. 20 
Large mononuclears.............. 11 
EE, vitccokkckaversesess & 
PE 66 coc ecgnavivaveveess 0 


i 
i 
| 
’ 
' 
i 
' 
; 
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(Case 7.) per cmm. 
Red blood cells............. 4,520,000 


White blood cells............ 5,800 
per cent. 
OT CET Te TTT 90 
Differential leukocyte count: 
Polymorphonuclears.............. 64 
“mall mononuclears.............. 22 
Large mononuclears.............. 10 
NE 5.55064 00 6h008nuseense ee 
| rr tee 2 


(Case 8.) per c.mm. 


eg. ee 4, 080,000 


White blood cells............ 5,800 
per cent. 
ee ee 70 
Differential leukocyte count: 
Polymorphonuclears............ 73.7 
“mall mononuclears............ 22.2 
Large mononuclears............. 3.0 
SPAMBIGIOMRIB.. occcccecscenccsese BA 
ee er re Te 0.0 


In all three eases nucleated red cells were 


found, together with polychromatophilia. 


These three women refused further 
co-operation and continued to work, 
and, we believe, suffered no severe 
One of these workers 
is said to have developed uterine hem- 
The hazard in this factory 
was lessened through the installation 
of a good type of booth. 


consequences. 


orrhage. 


Experience 4 


J. S., male, aged 61 years, was a painter 
by trade. Past history and family history 
are without significance except that forty- 
four vears ago he suffered from lead 
poisoning. 

During 1925, this painter was engaged in 
the mixing of paint, in which he states he 
utilized a large amount of benzol in various 
preparations. Apart from paint mixing, 
he, himself, painted, usually in closets and 
in small In the latter part of 
December, 1925, he complained of attacks 
of dizziness, pain in the lumbar region, 
slight abdominal cramps, considerable loss 
of weight and strength, and a rapid develop- 


rooms. 
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ment of pallor. This condition was aggo. 
ciated with the occurrence of many req 
blotches in the skin, on the back and on the 
right thigh, varying from tiny petechiae to 
hemorrhagic areas the size of a twenty. 
five cent piece. Patient stated that these 
spots became purple, then blue and yellow. 
like a bruise. Although he was in cop- 
siderable discomfort, the patient kept 
work until Jan. 15, 1926. At that time ther 
was a marked irritation of mucous mem. 
branes. The patient was acutely ill from 
this respiratory disease for several days, 
when, according to his family physician, 
he developed pneumonia. At about this 
time a recurrence of purpuric spots too 
place, principally on areas below the waist- 
line. The patient became extremely ema- 
ciated and weak. Concomitant with this. 
he developed myocarditis and seven 
chronic bronchitis. 

This patient was first seen by us 
months after the onset of the disease. | 
examination confirmed myocarditis, sev 
bronchitis, 
pletion. 


} 


emaciation, and 
Previous to that time no 
examination had heen made. 
Blood Examination. sur 
amination revealed: 


extreme 


blood r 


je r C.mm., 
Red blood cells............. 3, 370, 00! 
White blood cells............ 24,000 
Basophilic red cells......... 11,000 
per cent 
Differential leukocyte count: 

Polymorphonuclears............ 71 
Small mononuclears............ 238 
Large mononuclears............. 3° 

re —— 


Iividence suggesting that this is 4 
case of benzol poisoning is limited to 
the patient’s history of exposure and 
to the occurrence of purpura. [li 
myocarditis and chronic bronchitis 
are logical sequelae of benzol poison- 
ing. The high leukocyte count 0! 
24,000 is probably attributable to 
infection associated with the chronic 
bronchitis. The absence of leuko- 
penia would tend to deter a diagnos! 


J.1.H 
May, 1927 
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of benzol poisoning were it not for 
the clear-cut history. The high baso- 
philie red cell count of 11,000 per 
oubie millimeter suggests that irritant 
action may not be limited to the early 
stages of benzol intoxication, but may 
‘n some instances continue in _ pro- 


hi 


longed, chronic disabilities resulting 


from this intoxicant. 


COMMENT 


The presence of basophilic material 
‘in red blood cells in quantities ex- 
ceeding normal is reported in animals 


(cats, rabbits, and guinea-pigs) to 
which benzol has been administered. 
Animal experiments without benzol 
administration, but with bleeding, 
afford some evidence that this baso- 
philic material is associated with 
regeneration of the red blood cells. 

Results of examinations of the blood 
in a number of cases of benzol poison- 
ing, too few to warrant any con- 
clusions, suggest that basophilic sub- 
stance in quantitics above normal 
occurs in the blood of human beings 
affected by benzol. 
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VENTILATION OF VEHICULAR TUNNELS 


Part I. AMOUNT AND CoMPOSI- 
y(ON OF EXHAUST GASES FROM MOTOR 
VEHICLES IN RELATION TO THE VEN- 
yILATION OF VEHICULAR ‘TUNNELS. 
| ©. Fieldner, A. A. Straub, and 
“. W. Jones. Jour. Am. Soc. Heat- 
ing and Ventil. Eng., Jan., 1926, vol. 

pp. 17-86; Feb., 1926, pp. 79-100. 

This part is an abstract from Ap- 
pendix No. 3, Tunnel Gas Investiga- 
tions, Amount and Composition of 
Automobile Exhaust Gases, by A. C. 
Vieldner, A. A. Straub, and G. W. 
Jones, In Report of New York State 
bridge and Tunnel Commission, 1921, 
pp. 91-140. It is summarized as fol- 


Tc ° 
MWY We 


The road tests on 101 motor vehicles for 
the purpose of determining the amount and 
composition of motor exhaust gas from 
iutomobiles and trucks of various sizes 
vhen operated on grades and at speeds 
similar to those that will prevail in vehicu- 
ar tunnels have shown that: 

The exhaust gas composition of indi- 

‘ual machines varies greatly, and that the 

‘rolling factor is the air-gasoline ratio 

rodueed by the carburetor adjustment. 
The percentage of CO for the majority 
ars lies between 5 and 9 per cent. 

5. The average percentage of CO for the 

st 23 cars tested was 6.7 per cent, which is 
practically the percentage of CO corre- 
‘ponding to an air-gasoline ratio of 12.4 
ratio for developing maximum power. 

!. The average percentage of CO for 
‘ach class of vehicles under various con- 
‘tions of test is given in tables and curves. 

The average quantity of CO for each 

ss of motor vehicles under certain con- 
ions is given in tables and curves. 

The combustible gas in the average 

‘tomobile exhaust from one gallon of gaso- 

amounts to 30 per cent of the total 

‘ in a gallon of gasoline. 








7. The great majority of motor cars and 
trucks are operated on rich mixtures suit- 
able for maximum power but very wasteful 
from the standpoint of gasoline economy. 

8. On the average, carburetors are set in 
the winter and not changed in the summer, 
as shown by the higher percentages of CO 
found in the summer tests. 

9. The largest quantity of CO will be 
produced in the 3 per cent grade sections of 
the tunnel. The CO produced under sum- 
mer conditions is somewhat greater than in 
winter conditions. Summer tests should 
be used in computing ventilation of tunnels, 
owing to the tunnel becoming heated from 
the hot exhaust gases. 


Part II. PuysrotocicaL Errects 
or IExnaust GASES FROM MOoror 
VEHICLES. Y. Henderson, IT. W. Haa- 
gard, A. L. Prince, and M. C. Teaque. 
Ibid., March, 1926, pp. 153-1458. 

This part comprises excerpts from 
Appendix No. 4, Tunnel Gas Inves- 
tigations, Problem No. 2, Physiological 
Effects of Exhaust Gases, by Y. 
Henderson, H. W. Haggard, M. C. 
Teague, A. L. Prince, and R. M. 
Wunderlich, in Report of New York 
State Bridge and Tunnel Commis- 
sion, 1921, pp. 141-220. (See also 
Tus Jour., 1921-1922, vol. 3, pp. 79, 
137.) 

OBSERVATIONS IN LARGE GASSING 
CHAMBER. HH. W. Haggard. TJbid., 
April, 1926, pp. 289-290. 

COMBINATION OF CARBON MONOx- 
IDE AND HEMOGLOBIN AND ITS ANA- 
LYTICAL APPLICATIONS. A. L. Prince. 
Ibid., pp. 290-291. 

CHARACTERISTICS OF THE CARBON 
MonoxipE DIssociaATION CURVE AND 
THE EXTENT OF INDIVIDUAL VARIA- 
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TIONS. A. L. Prince. 
AQ) 


294. 

DETERMINATION OF CARBON MON- 
OXIDE IN AIR CONTAMINATED WITH 
Moror Exuaust Gas. M.C. Teague. 
[bid., pp. 294-800. 

This is an excerpt from Report of 
New York State Bridge and Tunnel 
Commission, reprinted in /ndustrial 
and Engineering Chemistry, 1920, vol. 
12, pp. 964-968. 


Ibid., pp. 291- 


Parr III. Tests ConpbUCTED IN 
VEHICULAR TUNNEL IN EXPERIMEN- 


TAL MINE. J. W. Paul, A. C. Field- 


ner, and R. R. Sayers. Ibid., May, 
1926, pp. 887-404; June, 1926, pp. 
AVE ASO, 


This part treats of the results obtained 


during tests conducted in the experimental 


vehicular tunnel in the Bureau’s Experi- 
montal Mine at Bruceton, Pa., to determine 
the relative merits of various methods of 
transverse ventilation by the relative dif- 


fusion of the carbon monoxide of exhaust 
gases, and of the check thereby obtained on 
various features of the preceding investiga- 


Lions 


test 
tunnel as an entirely closed oval made it 


Construction of the underground 
possible to control accurately the ventila- 
tion, and avoid the disturbance of air cur- 
rents from open ends such as would be pres- 
also 
made it possible to run automobiles con- 


ent in a straight tunnel section. It 


tinuously at a uniform speed for any de- 
sire d period, 

By constructing the tunnel underground, 
observations could be made on the flow of 
heat through the walls of the tunnel under 
conditions approximating those of the Hol- 
land tunnel, and thus obtain data for esti- 
mating the probable temperature rise pro- 
duced in proposed underground vehicular 
tunnels. 


. The air requirements of the 
Holland tunnel were based upon 
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theoretical calculations made from results 
of tests on 101 automobiles and trucks (Par; 
I). The experimental test tunnel afforded 
a means of checking the reliability of these 
calculations. 


Tests were conducted with four 
methods of transverse ventilation, with 
air currents discharging into and es- 
caping from the tunnel. Thes 
methods were (a) upward flow, center 
outlets; (b) upward flow, side outlets: 
(c) downward flow, side outlets: and 
(d) downward flow, corner inlets. 


The results of the tests show that tl: 
four methods of transverse ventilation tried 
are practicable for tunnel ventilation, a1 
that upward ventilation with outlets in ¢! 
center of the ceiling would require 
least amount of air and less power for v 
tilation than the other three method 

The determination of heat flow fr 
temperature measurements made in t! 
test tunnel shows that the capacity of con- 
crete walls for cooling tunnel air depend 
more essentially upon the diffusivity 
the concrete than upon its thermal conduc- 
tivityalone. This fact is very pertinent t 
the problem of removing excess heat f 
the air in the Holland tunnel, for it mea 
that the cooling capacity of the walls, whic 
has been accumulating during cool days 
during the @ 
traffic, to take care of peak 
temperatures lasting from a few hours t 
several days. 


night, and at times of 
is available 


Part LV. 
VEHICULAR 
TAL MINE. 

APPENDIX A.—CAR OPERATION AND 
PRODUCTION OF CARBON MONOXIDE. 
G. W. Jones and H. C. Howarth. 
Ibid., Aug., 1926, pp. 617-627. 


DETAILS OF TESTS IN 
TUNNEL IN EXPERIMEN- 


This appendix covers special features 

. / bd Tv) } 
regarding (1) car operation; (2) methods ane 
procedure for liberating definite quantitics 

















dd 
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of carbon monoxide into the experimental 
+unnel atmosphere per hour; (3) a correla- 
tion of this data with previous road tests 
reported in Part I; and (4) results relative 
-. the method of ventilation whereby the 
soncentration of CO is kept at a minimum in 
‘he central part of the tunnel—that is, the 
ventilating method which gives the lowest 
eoneentration of CO in the driver’s position 
yhen a given quantity of CO is liberated in 
a tunnel per unit time. 


AppENDIX B.—AIR MEASUREMENT 
axp Air DistrRipuTion. A.A. Straub. 
[bid., Se pl., 1926, pp. 658-668. 


Air Quantities. Calculation of the quan- 
tity of air required to be supplied with the 


different number of cars operating was 


based on the results of previous tests, which 
indicated that a car of the type used would 
produce 50 cu. ft. of CO per hour, and that 
sufficient air must be supplied to maintain 
the concentration of CO at 4 parts per 10,000 
fair. It was found later that the quantity 
of air had to be increased, because of pro- 
duction of large quantities of CO by cars 
vhen operating along the guide rails of the 
tunnel roadway. 
Air-measuring stations were built of ap- 
proximately 20 sq. ft. area of section, at 
hich points the velocity heads were meas- 


|. The velocity of the air passing the 


air-measuring stations, when a definite 
juantity of air was passing the definite 

a of section at the air-measuring sta- 
ions, was determined. 


Air-Measuring Instruments. Velocity 
heads were measured with a Wahlen gage 


1] 


‘linois differential micrometer), which is 


capable of adjustment for variation in heads 
of 1/10,000 in. of aleohol; however, under 


onditions of these tests reliable data could 
be observed on changes in head of less 


‘han 5/10,000 in. of aleohol. 
\s the instrument (as well as the ob- 
rver) for measuring velocity heads was in 
ilr-measuring station that adjoined the 
‘rway and communicated with it by means 
a vertical slot at the measuring plane, 


© open end of the gage was subject to the 


static pressure of the air, and the impact 
tube used gave the velocity head readings 
direct. The impact tube was made of brass 
tubing (} in. outside and ,’; inside diameter), 
bent at right angles with a 4-in. projection 
beveled to knife edge for 3 in. back from the 
open end of the tube. When using the im- 
pact tube, this 4-in. portion was pointed 
directly against and parallel with the 
stream of air flow. The other data neces- 
sary to the calculation of the air quantity 
were: (1) barometer at station No. 1; (2) 
psychrometer readings at both stations; 
and (3) the temperature of the air surround- 
ing the Wahlen gages; this last was neces- 
sary to the computation of the specific 
gravity of the liquid in the gage, and trans- 
formation of the velocity head in aleohol 
to equivalent heads in inches of water at 
60 deg. fahr. 


A brief account is also given of the 
use of air velocity measurements as a 


guide in the adjustment of dampers to 
produce uniform air flows. 


APPENDIX ©,.—AIR CONDITIONS IN 
Test TUNNEL. G. Eb. McElroy. Tbid., 


Pp. (O5- 672. 


During the series of tests conducted in 
the test tunne!, many readings of tempera- 
ture, humidity, and air motion were made; 
and the effect of these features of the air 
conditions on the personal comfort experi- 
enced during test periods at two positions 
was determined by personal observation, 
and checked against kata-thermometer de- 
terminations of the cooling power of the 
air. 

These data, taken by various observers 
and in various ways, were compiled to serve 
as a record of the conditions of tests and as 
a basis of study to determine the relative 
distribution and amount of the separate 
features for various changes in other test 
conditions, but more especially for changes 
in the method of ventilation. 


. Under the test conditions the 
horizontal air velocity induced by the mov- 
ing cars was the controlling factor in deter- 





| 
| 
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mining the relative temperature and degree 
of comfort at various points in the tunnel, 
or within any cross section of it. With the 
cars moving at a constant rate, more or less 
stable conditions were attained throughout 
the tunnel, but as soon as the cars stopped, 
effects were localized. 


(The author does not imply that this 
will be true in the Holland tunnels 
where the width of the driveway and 
clearance are proportionately greater 
than in the Bureau of Mines experi- 
mental tunnel. ) 


AprpeNnpDIxX D.—SMOKE DENSITY 
MerASUREMENTS OF TUNNEL ATMOs- 
PHERES. (. R. Greenslade. Ibid., pp. 
672-674. 

A Morse type optical pyrometer 
equipped with a green-stained gelatin 
filter was focused on a standard source 
of light situated at a point 50 feet 
away. 


The optical pyrometer contained the 
usual comparison lamp which could be 
heated and controlled by means of a bat- 
tery, a variable resistance, and a milliam- 
meter. It was further equipped with a 
set of 12 black, brass, motor-driven, rotat- 
ing sectors of various angular apertures 
which could be rotated between the objec- 
tive lens and the comparison lamp. Thus, 
by interchanging these sectors, the inten- 
sity of the light coming from the standard 
source could be reduced by twelve definite 
percentages, the magnitude of the percent- 
age of absorption of a particular sector 
being proportional to the ratio of the angle 
of its opaque part, to the entire angular 
circumference. 


Before each test, the apparatus was 
‘alibrated with and without the ab- 
and smoke measure- 
ments were made at intervals of about 
five minutes during the tests. 


sorbing screen, 
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The high concentrations of smoke oe- 
curred when cars were idling and as cars 
started at the beginning of tests or after 
stops. The minimum concentrations oe- 
curred during periods of good car operation. 


APPENDIX  E.—OPERATION op 
HEATING Puant. [7. P. Greenwald. 
Ibid., pp. 674-678. 

These tests were made with a view 
to studying the possibility of encoun- 
tering extremes of temperature in 
the Holland tunnel. The author eon- 
cludes: 


The information obtained which may |e 
applicable to the Hudson River vehicular 
tunnel may be summarized as follows: 

(a) The tendency of the hot gases to go 
immediately into the upper duct and los: 
their heat therein. 

(6) The fact that large temperatur 
variations in the incoming air will he 
equalized by loss of heat to or absorption of 
heat from the walls. 

(c) The large heat absorbing capacity of 
the walls. 

(d) The fact that if the intake air is warm 
air of high humidity, deposition of water and 
possibly fogging will ensue on striking th 
cooler tunnel surfaces. 

(ec) These results convey the impression 
that it will be difficult to reach an. exces- 
sive temperature in the Holland tunne! 
Continued hot weather with no relief at 
night would be necessary to produce it. 
Furthermore, if the tunnel is washed down 
at regular intervals large quantities of heat 
will be removed from the walls directly 
by the water, and equal or greater quantl- 
ties will be removed by the evaporation of 
the water remaining on the surface after 
the run-off. 


AppENDIX F.—Herat FLOW FROM 
TUNNEL AIR INTO CONCRETE WALL* 
G.R.Greenslade. Ibid., Oct., 1926, pp. 
701-706. 


This investigation was undertaken 
determine the amount of cooling that tun- 
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»el air undergoes by transfer of heat to the 
eonerete walls, and to apply the data ob- 
rained to the conditions of the Hudson 
River vehicular tunnel. 


The data show that unless the peak tem- 
peratures are maintained continuously for 
several days (8 or 10), the problem does 
not reduce to one approximating steady 
state conditions. This fact is very perti- 
nent to the problem of removing excess heat 
from the air in the Holland tunnel, for it 
means that the cooling capacity of the walls, 

| which has been accumulating during cool 
days, during the night, and at times of little 
| traflic, is available to take care of peak tem- 
peratures lasting from a few hours to several 
days. In the ordinary case, the reduction 
in temperature affected by these conditions 
may amount to several or even many times 
the cooling due to the thermal conductivity 


Ohne, 


APPENDIX G.—DISTRIBUTION OF 
(~RBON MONOXIDE IN TUNNEL AT- 
S. H. Katz, J. J. Bloom- 
ld,and L. J. Trostel. Ibid., pp. (06— 





Wistribution of carbon monoxide 
throughout the experimental automobile 
nnel was determined to ascertain the most 
irable ventilation for the Holland tun- 
|. ‘his appendix presents in detail the 

tribution of CO in the tunnel atmosphere 
inder different methods of ventilation, and 
escribes the essentials of the methods and 


apparatus used in determining it. 

This section also details the appara- 
tus and technic by means of which the 
‘our methods of transverse ventilation 

art LIL) were studied. 


\PPENDIX H. — PHYSIOLOGICAL 
. RR. R. Sayers, H. R. O’Brien, 


l)yarra 





'. V. Meriwether, and W. P. Yant. 
1., Nov., 1920, pp. 737-766. 
ihe purpose of this section is as 
17 
llows: 


to observe and study any 
changes taking place in the bodies of men 
exposed during tests to tunnel gas atmos- 
pheres (as indicated by their body tem- 
peratures, pulse, sensations, and general 
behavior), and, above all, to determine 
accurately the concentration of CO in their 
blood following periods of such exposure; 
and to check the results obtained against 
the conditions of tests, but more especially 
against the concentration of CO in the 
tunnel atmosphere. 


. There would be a noticeable in- 
crease in the percentage saturation with CO 
of the blood under these conditions |/.e., 
heat, humidity, and long exposure], but 
unless there is cause for a much longer 
period of exposure than normal, coupled 
with violent exercise such as cranking a car, 
etc., the added danger would be negligible, 
and could easily be covered by traffic regu- 
lations. 


APPENDIX [.—USE OF THE SPECTRO- 
PHOTOMETER IN [OXAMINING BLoop. 
H. R. O'Brien, W. P. Yant, and G. W. 
Ibid., Dec., 1926, pp. 817-825. 
A Hilger wave length spectrometer 


Jones. 


of the constant deviation type was 
used with a Nutting polarization pho- 
tometer attachment. 


Sufficient evidence has been obtained to 
give the authors of this appendix confidence 
They 
have used it successfully in the recent in- 
vestigation, and it affords good checks 
with other methods. 


in the spectrophotometric method. 


In this method the authors believe that 
they have a solution to the estimation of 
CO-Hb which is well suited to research 
problems, and results might be summarized 
as under: 

1. It requires only a small quantity of 
blood, such as can be obtained by making a 
puncture wound, say 0.1 cubic centimeter. 

2. No absolute measurement of blood is 
required. However, it is well to keep it as 
near the working concentration as can be 
conveniently done. 

3. The actual time of analysis for each 


_ Say 
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sample in routine work is not more than 3 
to 5 min. 

4. Checks on analyses are afforded in the 
same sample. 

5. Results can be secured regardless of 
prevailing conditions of daylight. 

6. Accuracy is equal to that of any other 
method found and much better than most of 
them. 


APPENDIX J. — PHYSIOLOGICAL 
TESTS UNDER CONTROLLED CONDI- 
TIONS. W&. I. Sayers, F. V. Meriwether, 


and W. P. Yant. Ibid., pp. 825-882. 
These experiments were performed 
and study made as follows: 


1. The effeet of long exposure to concen- 
trations of 4 parts of CO in 10,000 parts of 
alr. 

2. The effect of strenuous exercise for 
periods of one hour in 4 parts of CO in 10,000 
parts of air. 

3. Controlled experiments on the effect 
of high humidity and temperature on the 
absorption of CO by the blood, and on addi- 
tional physiological changes produced. 

1. The cffeet of long exposure to concen- 
trations of 2 and 3 parts, respectively, of 
CO in 10,000 parts of air. 


The seetion is concluded as follows: 


|. High temperature and humidity tends 
toward an inereased saturation of the blood 
with CO, a marked rise in body tempera- 
ture, pulse-rate, and respiration, and an 
earlier occurrence of symptoms. 

2. Strenuous exercise causes an increase 
in the absorption of CO by the blood, and 
an ecariier occurrence of symptoms. 

3. exposures of from 2 to 23} hr. to 4 parts 
of CO in 10,000 of air will cause an accumula- 
tion of symptoms varying from decreased 
efficiency to basal headaches and nausea. 

4. An exposure to 2 parts of CO in 10,000 
gives mild symptoms at the end of 6hr., and 
an exposure to 3 parts gives similar symp- 
toms in from 23 to 3 hr. 


5. The effects of 4 parts of CO in 10,000 
parts of air under various conditions may 
be summarized as follows, according to the 
experiments carried out by the authors of 
this appendix: 


Period, 
Condition hours Symptoms 
No exercise l No effect 
No exercise 1; Mild symptoms, 
no serlous 
effect 
Mild exercise 1 Mild symptoms, 
no serlous 
effect 
Strenuous ex- } Mild symptoms, 
ercise no serious 
effect 
No exercise in 1 Mild symptoms, 
high temper- no serious 


ature and effect 


humidity 


These results are in concordance with the 
findings of others as given by Henderson, 
and emphasize the fact that the standard 
proposed for exposure of 45 min. of 4 parts 
in 10,000, or its equivalent in an average of 
concentrations from zero up to 6 parts in 
10,000, assures an ample factor of safety. 


Although some of these papers have 
already been published in the annual 
reports of the New York and New Jer- 
sey State Tunnel Commission and 
elsewhere, this series forms a valuable 
collection of important and original 
investigative work by the United 
States Bureau of Mines. Each of the 
papers contains pertinent — tables, 
graphs, charts, and illustrations to 
which it is impossible to do justice in 
an abstract. The subject is of such 
widespread interest that it is hoped 
that means will be found to reprint 
the series in the form of a monograp!. 


—Philip Drinker. 


J. i. &. 
May. 1927 
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BOOK REVIEW 


PsyCHOLOGICAL Stupy OF INDIVIDUAL 
DIFFERENCES IN AccIDENT RaTEs. By 
Eric Farmer, M.A., and £. G. Chambers, 
\.. A.. Investigators to the Board. In- 
dustrial Fatigue Research Board, Report 
No.38. Paper. Pp.44. London: H. M. 


Stationery Office, 1926. 


This is an interesting report which 
has just been published by the Indus- 
trial Fatigue Research Board and 
which opens up the possibility of a new 
method of approaching the study of 
accident causation. The report de- 
scribes a research, the object of which 
was to see if there were among indi- 


7 


viduals any measurable psychologic 
differences corresponding in any degree 
to their accident proneness. Previous 
books that have dealt with the psycho- 
logic causes of accidents have been 
concerned with generalizations and 
have given instances of accidents 
which were due to nervousness, worry, 
or fatigue; this is the first attempt 
‘hat has so far been made to go beyond 


such generalizations and to examine 


by scientific means the peculiarities 
of those who, while exposed to the 
same risk as others, yet sustain a 
“arger number of accidents. 

in two previous reports of the 
Hoard,’ it was shown by statistical 
methods that people who were exposed 
‘0 an equal degree of risk differed in 


The Ineidenee of Industrial Accidents 
pon Individuals with Special Reference to 
‘iutiple Accidents. M. Greenwood and H. 
‘. \Voods. Indust. Fatigue Res. Board, 
ep. No. 4. London, H. M. Stationery 
Vinee, 1919, 

\ Contribution to the Study of the 

nan Faetor in the Causation of Acci- 

's. bk. M.Newbold. Jbid., Rep. No. 34. 

idon, If. M. Stationery Office, 1926. 


their liability to sustain accidents. 
This does not mean that there is one 
class of persons who sustain accidents 
and another class of persons who do 
not, but that each individual differs 
from other individuals in his aecident 
liability just as he differs from others 
in height, weight, and strength. 

The research described in the pres- 
ent report is based on the previous 
work of Greenwood and Woods and 
of Newbold, it being taken for granted 
that people did differ in the way de- 
scribed, and an attempt was made to 
see if they differed in any other meas- 
urable way. 

The method adopted was to give 
rarious tests to over 600 subjects 
separated into six different groups. 
The time of exposure to industrial 
accidents ranged from nine months to 
thirty-six months, and the age range 
was between 14 and 23 years. The 
tests given fell naturally into three 
groups. Group I consisted of certain 
sensorimotor tests which for reasons 
advanced in the report are called 
“aestheto-kinetie co-ordination’’ tests. 
These tests differed in the nature of 
the performances required of the sub- 
ject, but they had a small element in 
common and their intercorrelation co- 
efficient was about +.24. Group II 
consisted of certain tests connected 
with temperamental stability, and 
Group III consisted of tests involving 
the reasoning processes. 

These tests were given to the sub- 
jects, and their performances in the 
tests were then compared with their 
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accident rates. This was done for 
ach group separately, and when the 
final results were weighted according 
to the relation between performance 
and accident rate in the aestheto- 
kinetie tests it was found that there 
was a difference of 48 per cent. in 
accident rate between those who 
passed the tests and those who failed. 
The tests connected with tempera- 
mental stability also yielded positive 
results, but those connected with the 
reasoning processes did not. 

This report is confessedly of a pre- 
liminary nature; there are many 
aspects of the problem with which it 
deals that still have to be worked out 
before the results can be put to prac- 
tical The chief value of the 
research lies in the fact that it has 
been shown that people who differ in 
accident 


use. 


liability do also differ in 


other measurable qualities. The par- 
ticular qualities that have been meas- 
ured may not be the most important 
factors making for a high accident 
have been 
used may not be the best ones for the 


rate. and the tests that 


purpose, but these preliminary experi- 
ments have yielded positive results, 
the method 
employed is a profitable way of ap- 


a faet which shows that 


proaching the problem of the human 


factor in accident causation from a 
new angie. 


These tests will have to be given to 


other groups to see if the results are- 


repeated; other psychologic qualities 
will also have to be examined to see if 
they have any connection with acci- 
dent lability; age norms for the tests 
vielding positive results will have to 
be established; question 


and the 
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whether accident proneness Is a genera] 
or a specific factor will also have to 
be determined, before accident inci- 
dence can be lessened by determining 
beforehand ‘the accident prone,” 
those prone to accidents, and warn- 
ing them from taking up dangerous 
occupations. 

There is evidence in this research 
to show that those who tended to 
“report” sick most often, had more 
accidents, and were industrially less 
eficient than others. This, however, 
needs corroboration before it can be 
accepted with any confidence, but it 
is at least an indication that there 
exists a class of persons on whom mod- 
ern industry makes an undue demand, 
so that they respond to their environ- 
ment in an unfavorable way, causing 
loss and suffering both to themselves 
and to the community. 

The tests employed, both those that 
yielded positive results and those that 
did not, are carefully deseribed, dia- 
grams of the apparatus used and 
details of its construction are given, 
and the statistical methods employed 
are explained. These details make it 
possible for other workers to examine 
critically the methods employed and 
the results obtained, and it is to be 
hoped that they will do so. If the 
full benefits are to be obtained from 
this line of research it 1s important 
that as many industrial occupations as 
possible should be examined, and the 
full details made public. By 
means it should be possible as time 
goes on to collect a body of evidence oi 

eal value which may do much to 
mitigate one of the greatest sufferings 
caused by industry. 


this 


‘i. 


May, 192! 





